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ABSTRACT 
The cyathins are metabolites of the bird's nest 
fungus Cyathus helenae. They are members of a new family 
of diterpenoids which had not previously been characterized. 
Cyathin Ax (1) and allocyathin B, (2) were the first 


members of this family whose structures were determined. 
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This thesis describes some approaches to the 
Synthesis of the cyathin skeleton. The routes examined 
include the synthesis of the bicyclic compound 100 


representing potential rings A and B 


105 100 

Another approach involves the construction of the 

diketone 91 and cyclization of 91 to the tricyclic ketol 94. 
Compound 91 was prepared in the following way. The triacid 


46, obtained from the glutarimide 45, was converted to 49 
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via a Dieckmann cyclization. The acid 49 was in turn 
transformed after esterification and protection of the 
carbonyl group into aldehyde 64. After Grignard reaction 
with o-iodoanisole followed by dehydroxylation compound 
87 was obtained. The latter was converted to the diketone 
91 by Birch reduction and hydrogenation. Ketol 94 was 
secured by the intramolecular aldol condensation of 91. 


The stereochemical aspects of this cyclization are 


discussed. 
~-N HOO OH 
© OOH 
NC Neen ea ——__—_—_»— 
OOG Hes 
45 2s 46 OOH 49 
—_—_> 
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Some intramolecular Diels-Alder reactions involving 
a furan ring as the diene were also examined in an effort 
Pouproduce a Suitably functionalized ring C of thercyathins. 
Foe “example, 22 spontaneously isomerized to 22a on standing 


at room temperature. 
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INTRODUCTION 


While on a field trip in the Rocky ate 
Dr. H.J. Brodie of the Botany Department of this University, 
purportedly as a consequence of a fall, discovered a new 
bird's nest fungus of the genus Cyathus!, This? chance’ ‘en- 
counter led to other interesting findings. Brodie and co- 
workers were able to grow the fungus, designated Cyathus 
helenae, in liquid media’. They found that the culture 
broth inhibited the growth of bacteria that had contaminated 
ene “cul ture “vessel? “Extraction ofthe: culturé’ broth’ with 
ethyl acetate afforded a mixture that showed ante DAO TAR 
eceivity.’*inis mixture, “or’"cyathin>complex”* as it’ was 
designated, was then studied by Ayer and co-workers in an 


erfort’*to "rsolate the active components”, 


One of the components of the mixture was sparingly 
soluble in chloroform and was separated by triturating the 
crude cyathin with chloroform. This constituent was shown 
to be 2,4,5-trihydroxybenzaldehyde. A combination of column 
chromatography and preparative thin layer chromatography of 
the cyathin complex afforded a material which appeared to be 
pure and which was called cyathin Az. This material, however, 
was not crystalline and later was shown to be a mixture of two 
components. Since the two components differ in the degree of 


unsaturation, one being the dihydro derivative of the other, 
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they were separated by chromatography on silica gel 


impregnated with silver nitrate‘ 


The structure determination work was carried out 


largely on the more abundant cyathin A A thorough analysis 


3° 
of the chemical and spectroscopic properties of cyathin A. 
and allocyathin B and their derivatives led Ayer and Taube ° 
to propose structures 1 and 2 respectively for this substance. 
These deductions have been confirmed by an X-ray crystallo- 
graphic study © of cyathin Az (which crystallizes in the hemi- 
ketal form la). This study also revealed the relative and 
absolute stereochemistry of cyathin Az. Subsequent work by 
Ayer and Carstens has shown that cyathin B. and cyathin C., 
two further metabolites of C. helenae,*have Structures 3 and 


ae Cyathin A, and allocyathin By exist partially? as the 


3 
internal hemiketals la and 2a respectively, a fact that 
complicated the initial work. On acetylation, l and)2 give 
the diacetyl derivatives lb and 2b. Treatment of 1 and 2 


With methanolic HCl leads to the formation of the internal 


methyl ketals lc and 2c respectively. 


The cyathins belong to a family of diterpenes 
hitherto unknown. Because of the novel skeleton present in 
these compounds we became involved in investigating possible 
routes forlits eonstruction. Since thas thesis Wetalis in1i- 
tial exploratory work directed towards the synthesis of the 


cyathane ring system, the remainder of the Introduction will 
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be devoted mainly to a discussion of some of the initial 
ideas behind the work described later. It is not intended 
to describe all conceivable routes to the cyathins. Such 
an undertaking would require much space and is, of course, 
restricted by our own prejudices and lack of imagination 
and knowledge. Brief reviews are available on total syn- 
thesis..of diterpenes ® and a recent review on the synthesis 
of the hydroazulenes 9 may also be useful to visualize some 


Ganthe alternatives .that .we:facedsuat.the outset.of ithisiwork. 


In order to analyze some of the possible synthons 
and evaluate routes to their construction let us examine 
first the cyathane skeleton. The numbering follows a modi- 
ited steroidal numbering «system... The rings are .designated 


Ae d, 2nd C .as «shown. 


Any synthesis of the skeleton must take into con- 
sideration the existing dissymmetric centres. Of the possi- 
ble six dissymmetric centres of the cyathane ring system 
(carbons 3, 4, 5, 6, 9 and 12) in the cyathins thus far 


reported, only three dissymmetric carbons are present. Of 
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these four, the more difficult problem would appear to be 
that of building the dissymmetric carbons at the ring junc- 
Bzons (5,6, 9)<in-e these proper.orientation. The stereochem- 
istry at carbon 11, while important, should not be as 
demanding. Carbon 11 owes its dissymmetry to the presence 
of an alcohol group and thus should be controllable through 
eheyeorresponding| ketone... Thus;the; first,taskeis thateof 
Synthesizing a tricyclic five-six-seven-membered ring system 


containing three dissymmetric carbons at the ring junctions. 


Needless to say there are a great number of syn- 
thons that may be envisioned as leading to the cyathane 
SkelctonesOne»may attempt to build the tricyelTcxsystem 
wrth tae rines already of the right size or construct it in 
such a way that ring expansion, ring contraction or both 
would produce the desired ring arrangement. Let us consider 
Biewsyithesis of bupeol 5 by Stork19, It is relevant since 
mines CC; D and Etame similar to those of cyathin Ax having 


the same stereochemical arrangement. 
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The ketone 6 gave, after treatment with diethyl- 
aluminum cyanide, the trans-anti-trans-cyanoketone. The 
cyano group was converted to a methyl group in subsequent 
stages. Ring E originally present as a six-membered ring 
was modified at the end of the synthesis and converted, by 
oxidation of the alcohol to the ketone, ozonolysis of .the 
Coulesponding, enol acetate and cyclization of the modified 


ezonolysis product, to a five-membered ring in 7. 


The key step, 1,4 addition of cyanide, leaves a 


ketone group in the "wrong" position as far ias the syntmesrs 
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A 
of cyathin Az is concerned. The lupeol synthesis, however, 
exemplifies the possibility of modifying an CeESiIny: Six- 
membered ring into a suitable five-membered ring. Bearing 
this in mind and also the possibility of expansion of ring 
C one may consider the initial synthesis of a properly sub- 
stituted six-six-six framework such as 8 and modify it at 


er later stage. 


ie 


Thais oscheme, is. attractive since (8spessesses a 


9 10 


trans-anti-trans arrangement of the ring junctions. Such 


an arrangement is the most stable thermodynamically?1 and 
should be felatively,straightforward tofisecure. For the “ring 


contraction step, i.e., S=te 9, one can envision the use 


Biethe acia catalyzed reamrangement of Ting A of (tri 
terpenoids?”, Loss of the hydroxyl group in 11 takes place 
with migration of the C,-C, bond: to give 12," elamination of 

a proton yields the isopropylidene 13 and double bond migra- 
tion produces 14. This latter product possesses a contracted 


ring A identical with the one present in cyathin Ax. 
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It is known that diazo compounds add to cyclic 
ketones to give the ring expanded ketone??, Kohler and 
co-workers, FOr exanple, report sthe treatmenc of scycalo- 


hexanone with diazomethane, generated in situ, to obtain a 


mixture of cycloheptanone and methylenecyclohexane oxide. 


0 
INO 
CH3 N CO2C2H5 ue 
50) 925" 
63% 15% 


The addition to a,f-unsaturated ketones also takes 


place with ring enlargement. Johnson and co-workers” have 


homologated steroidal a,$-unsaturated ketones. Treatment of 
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cholestenone 15 with diazomethane and boron trifluoride 


etherate gives A-homo-cholestenone 16 in 40% yield. 


MS NS 


CH2N2 
BF3 « EtzO 
15. 16 


The same type of approach can be envisioned as a 


POUtLe to ring C of cyathin Ax. 


Preparation of a compound with a partial structure 
as in 17 and ring enlargement as previously described would 
yaeld 18. The double bond could then be ‘hydroxylated’ to the 
dihydroxy compound 19. The latter would likely, as in 


eyathin A.) and in.the-dtol-from—lo7—form-an-—internal ketal, 


3 
20. This latter compound on oxidation would produce the 
ketone 21. Elaboration of 21 with an additional one carbon 


unit would complete the skeleton to give 22. 


Other possibilities include the construction of a 
skeleton with a five-membered ring A. A suitable functional 
group at C-3 would allow the introduction of the isopropyl 
group. For instance, Grignard addition to a ketone such as 
23, followed by dehydration of the alcohol leads to the 


properly substituted A ring 24. 
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While the schemes may be feasible, the problem of 


Synthesizing the tricyclic compound must first be surmounted. 
One approach is that of building one ring at a time. Any of 
the three rings could be the starting point. However, rings 
A and C seem the more logical starting points since they are 
pue more functionalized. In this respect ring C as ‘the first 


building block should be considered first. 


the rormation of the internal methyl ketal: lc by 
cyathin Az Suggests a possible initial target, namely a 
cycloheptanone such as 25 or 26. Robinson annelation on 25a 
Should lead to 27 that could then possibly be modified to 
Porm ring Am. similarly 26. could be converted to (29 bysa 


Michael type addition on 28 followed by an aldol cyclization. 


Synthesis’ of 25 and 26 can be envisaged as arising 
from ring expansion of a Diels-Alder adduct of 2-methoxyfuran. 
For instance, addition ‘of 2-acetoxyacrylonitrile beads, to the 
formation of 6-acetoxy-6-cyano-1-methoxy-7-oxabicyclo[2.2.1]- 
hept -2-ene Saar Modification of the cyano group into an 
amine and this in turn into a diazo compound 31 would produce 
a good leaving group that could undergo elimination as 


indicated to produce 26. 


On the other hand 30 could be converted to the 


Ketone 522 Treatment with diazomethane should then produce 


25 or 26. 
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Scheme 2 
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hae approach would be that of modifying a 
readily accessible bicyclic system. This could minimize the 
number of steps involved and give a more efficient synthesis. 
The two rings can be A-B, B-C or A-C..° The possible combina- 
tions increase if one takes into account that ring A can be 
a six- or a five-membered ring and ring C a six- or seven- 
membered ring. Briefly described in the following schemes 


are examples of some of the possible combinations. 


in-scheme= 3, the starting tbt0ck 16 sthe Ketone 55. 
It can be readily prepared by a Robinson annelation of methyl 
vinyl ketone and 2,5-dimethylcyclohexanone. Methylation may 
lead to the dimethylated 8,6-unsaturated ketone 34, and this 
can be oxidized, following reduction of the C-3 carbonyl and 
protection of thegalcohol, to the ketone 55.. The last 


compound could undergo another Robinson annelation to produce 


36. 
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Scheme 3 


yi 
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The readily accessible Wieland-Miescher ketone 


(scheme 4) can be monoalkylated with 2,3-dichloropropene 


to 37. Addition of methyl lithium. leads to vthe allylic 


alcohol <a which ‘could potentsaldy be cyclized By acid 
treatment to 39, this last step being patternedyafter” the 


work of Lansbury! ®, 


If a compound such as 40 (scheme 5) could be 


prepared, it should undergo an aldol cyclization to produce 


hes tricyclic diketone 41. 
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Lastly, the tremendous synthetic potential of the 
Diels-Alder reaction might be employed (as exemplified on 


scheme 6), using rings A and C as diene or dienophile 


mespectively. 


Scheme 6 
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[tis the purpose of this thesis tospresent the 
initial studies on some of these possibilities, to evaluate 


their synthetic utility and scope and to provide potentially 


useful modifications in order to increase their utility. The 


work is divided into two parts. The first part describes the 
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17 
work done towards the two ring approach, namely, formation 
@emmodtr ted rings A-b andvA-C. The second part describes 


Sereacerenpes Co generate a properly substituted C ring. 
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Part I : APPROACHES TO THE CYATHANE SKELETON 


DISCUSSION 


This section deals with three different approaches 


fo, a,tricyclic.synthon..for),cyathin,A Schemes 53115) and. 6 


3° 
outline the initial plans. The results will be discussed 
separately under the headings: A-C approach, A-B approach 


and Diels-Alder approach, 


A-C Approach 


The rationale for the construction of a system such 
as 40 stems from our assumption that the most difficult task 
in the skeletal construction would be that of introducing 
me methyl groups at the ring junctions in the correct 
erzentation. We considered that.1f 40 were to cyclize Fit 
would do 50 giving rise to a mixture of the thermodynamically 
more stable stereoisomers, and that the stability of such a 
system would be reasonably similar to that of the perhydro- 
phenantrenes. The Bader of Stabriantyyotr this Jattemssystem 
is well known?! , Lt is summarized cinethe-next table, the 


numbers indicating the order of stability. 


Inspection of the four more stable isomers shows 
that only one, the cis-anti-trans isomer; «hasethe- extreme 
asymmetric centres in a cis relationship. Thus the proba- 
bility of securing a trans relationship of the methyl groups 


seemed reasonably high. While the number of possible 
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stereoisomers which could be formed by cyclization is 
relatively large, two of the dissymmetric centres would be 
removed on dehydration of the derived ketol. This should 
give rise to a mixture of only two stereoisomers one of 


which, the trans isomer, should predominate. 


Om DB 
Om] BH % 


Our initial concern was that of synthesizing the 
appropriate 3,3-disubstituted cyclopentanone. One of the 
substituents had to be a methyl group while the second 
substituent should be a two carbon substituent such that it 
could be easily modified to enable more than one mode of 
coupling of the terminal carbon. With these considerations 


in mind we attempted to prepare 3-methyl-3-vinylcyclo- 
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pentanone 41. The vinylic group could, after protection of 
the carbonyl, be transformed by hydroboration to the primary 
alcohol 42. The hydroxyl group could then be modified in 


such a way as to render the carbon either electrophilic or 


nucleophilic. 
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It has been shown by Hooz and Layton?” that 
1,4 addition of a vinyl group to a,f-unsaturated ketones 


can be achieved by the use of a divinylcopper lithium 


20 
tri-n-butylphosphine complex. Later Corey and Beames 


reported the use of a mixed cuprate reagent of the type 


R)R,CuLi to achievewa similar 'reactionii«c Thettse of the 


divinylcopper lithium reagent on the readily accessible 


3-methy1-2-cyclopentenone’? led. toa mixture: that contained 


a cyclopentanone, ir 1745 cite Our attempts-ito asolate 


the compound, however, met with failure and the approach 
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was abandoned. More recently a simplified work-up procedure 
has been developed’? which may facilitate the isolation of 


41. This has not been investigated. 


Lansbury and co-workers”> 


im theireapproachato the 
Synthesis of hirsutic acid used 3-carbomethoxy-3-methyl- 
cyclopentanone 43 as their starting material. The cyclo- 
pentanone had been prepared previously~* by a simple and 
efficient route. At first we considered the use of sucha 
compound directly. The idea, however, was not pursued since 


we thought that the carboxyl derived reactive site might 


prove too hindered (neopentyl type system). 


rahe. simpler 3,5-dialkyicyclopentanones have been 
prepared'}+*The*synthesis ‘of 3, 3-dimethylcyclopentanone-” 
is inefficient and cannot be easily modified to prepare a 
Suitably substituted cyclopentanone. The construction of 


“a scheme 7, while labo- 


3-methyl-3-ethylcyclopentanone 447 
rious, brought to our attention the potential use of the 
Guareschi peaccian When ethyl cyanoacetate reacts with 
ketones (methyl ketones give the best results) in the pres- 
ence of ammonia, an a,a'-dicyano-8,8-disubstituted 


glutarimide is formed. Hydrolysis leads to the 


8,8-disubstituted glutaric acids. 


The preparation of 44 necessitates an homologation 
step. This need could be bypassed 1f one: were to, use a 


levulinic acid ester. Since the acid produced on hydrolysis 
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Scheme 


ee 4 ACO OCI 


H,CO, OCHN2CO0 H,CO,  COsCHs gg 


of the glutarimide would be both a glutaric and an adipic 
acid, cyclization to the required cyclopentanone could be 


Carried out without further lengthy modification. 


The ‘synthesis of the desired 1-methy1-3-oxocyclo- 


pentaneacetic acid 49 was achieved as shown in Scheme 8. 


In 1960, Handly, Nelson and Somers?® reported the 
synthesis of a number of glutaric acids via the Guareschi 
reaction. Their procedure was followed using ethyl levuli- 
nate >4 as the ketone. The yields of a,a'-dicyano-8-methyl-6- 
(ethoxycarbonylethyl)glutarimide 45, were usually around 50% 
although yields as high 63% and as low as 40% were obtained 


On occasion. Later we found that 45 had been prepared 
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previously”” 


although neither experimental detail nor yield 

is reported. No further attempts to increase the yield were 
made. Potentially a two step procedure might be employed to 
secure better ‘yields * ‘Treatment of “drethy) Z23cyano-s-metny 1- 
hex-2-enedioate (from the Knoevenagel reaction of ethyl cyano- 
acetate and ethyl léVulinate)~~ with cyanoacetamide and 


sodium ethoxide should produce the starting glutarimide ee 


While the preparation of the imide couid) be carried 
Out without difficulty, the hydrolysis to the triacid 46 


proved truublesome. The reported conditions for hydrolysis 


7 IRIAN] 8 oree : : 
: as well as a number of variations gisine ‘suliuric 


pisny ven Angob rita abai Hayne | 
“ow hlery ett seanrait “oF ‘atanogne tei ae E . 
od) gitgtm srutboieng ate iat eisai i 
Sarina yeee x6 sepia pant -THESAY ied 
rie ath icicay halk att Daisey 9 ze pope | 


nei iu 


KG aba wie ean bbe 
¥ a oh ve yes ee mh a ae 
". ” - af . Pye 


carat kad 
es Perc | 


24 


and/or phosphoric acid at different concentrations, tempera- 
Bre and) time led, in the best of cases, to only fair yields 
of 3-methyl-3-carboxymethyladipic acid 40% Purthermore, ithe 
results were not reproducible. Attempts to hydrolyse the 
imide under basic conditions, 10% potassium hydroxide in 
ethylene glycol at 180°, led to extensive decomposition of 
the starting material. Finally, acid hydrolysis employing 
concentrated hydrochloric acid at reflux temperature for 

Bey hours, led. to. a.60%, yield of 46,..Four days,of.reflux under 
these conditions increased the yield to 74%. The yield of 
isolated product was further increased by continuous extrac- 
BvOnpsotathesreaction, mixture; with etherypyin this manner 
yields of over 90% may be obtained reproducibly in mole- 
scale, preparations... The.crude, acid.mp .142,,-,.146° (antes 


149°) was used in the following step without purification. 


The conversion of the triacid to dimethyl 3-methyl- 
3-methoxycarbonylmethyladipate 47, was attempted in several 
ways. Klostergaard's esterification method”, successfully 
used for the preparation of ethyl levulinate, afforded only a 
25% yield of crude 47. Direct Fischer esterification using 
methanol and sulfuric acid gave only a 45% yield of impure 
triester. Seemingly, the triester decomposes under these con- 
ditions. Later we learned that 47 is prone to decomposition 
when heated. Milder esterification conditions were explored. 
2,2-Dimethoxypropane has been used successfully as a water- 


: ae ; ; 33 : 
scavenger in esterification reactions~~., Ig 15 
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reported that very mild conditions are required to effect 
the reaction. In our hands, however, no ester formation 


could be detected even after prolonged periods of time. 


The ‘use of "the catalytic dehydrator” described 
by Vesley and Stenberg”, a combination of an acid polymer 
and a dehydrating agent, gave excellent yields of the ester 
in very pure form. The method is very efficient and quite 
miid. In practice the acid is dissolved in the alcohol 
Pe Currea co 1Orm the ester, then ‘to, the “solution, 2 7. 30mitx- 
ture of anhydrous calcium sulphate and Rexyn 101(H) R-204 
is added and the resulting slurry is stirred at room tempera- 
Sune until esterification 1s. complete. | Filtration sos the 
catalyst followed by removal of solvent and percolation 


eurough Silzca el gave .vyields of over (65%. 


The Dieckmann cyclization of 47 to methyl 4-methoxy- 
carbonyl-1-methyl-3-oxocyclopentaneacetate 48 did not take 
place when the triester was heated with sodium methoxide in 
refluxing toluene. Only starting material was recovered 
after work-up. The same negative result was obtained using 
sodium metal in refluxing benzene. Treatment of the triester 
with sodium and a catalytic amount of methanol in refluxing 
xylene, however, led to complete disappearance of the starting 
material in five hours. Work-up yielded a mixture of isomers 
of 48 in approximately a 1:1 ratio (by integration of the 


Guaterpary methyl singlets at.6 1 .jpandsl elo respectively ji 
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The development of an intense blue color after treatment of 
48 with ferric chloride was taken as an indication of the 


presence of a a-carbomethoxy ketone. 


Hydrolysis and decarboxylation to 1-methyl-3- 
oxocyclopentaneacetic acid 49 was accomplished by heating 
momunger rerlux ftor-i8 hours in 10% HCl, “The hydrolgjsis of 
crude 48 proceeds satisfactorily. Thus a 90 - 92% yield of 
oe) 4S Obtained from the triester 47g¢if’purification of 48 
is bypassed. The acid otained by this procedure was 


Sccemtially pure and didnot require further purification. 


The esterification of 49 to methyl lemethy1-3- 
oxocyclopentaneacetate 49a was carried out using the catalytic 
dehydrator as described earlier. The yields obtained were 
consistently hroh (285%). Purification of this: substrate, 


as before, was achieved by percolation through silica gel. 


Having developed an efficient synthesis of methyl 
1-methyl-3-oxocyclopentaneacetate 49a we then explored 
possible ways of coupling it to 2-methyl-1,3-cyclohexanedione 
Or another suitable precursor. In order to study the alkyl- 
ation, 49awas converted (see scheme 9) to 7-methyl-7=(2- 
iodoethyl)-1,4-dioxaspiro[4.4]nonane 55. Conversion of the 
ketone 49ato its ethylene acetal 50 was accomplished in 
quantitative yield by the conventional method. Reduction of 
the ester to 7-methyl-1,4-dioxaspiro[4.4]nonane-7-ethanol 51 


was achieved by treatment of 50 with lithium aluminum 
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hydride in ether (90%). The alcohol was converted without 
purification to its p-toluenesulphonate oy etT eat meni with 
p-toluenesulphonyl chloride in dry pyridine. The p-toluene- 
Sulphonate, a thick oil, was purified by washing with Skelly- 
Boelve.B at.70°. (96%). However, none of our attempts to 
crystallize 52 were successful. Treatment of the tosylate 
with an excess of sodium iodide in refluxing acetone” 


etzorded a, 94% yield. of the desired ketal iodide 53. 
Scheme 9? 
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33 With 53 an’ hand, we turned our attention to finding 
a method to effect alkylation of 2-methyl-1,3-cyclohexanedione. 
An extensive discussion on alkylation appears in House's 


36 : 
"Modern Synthetic Reactions" chapter 9°. Several reviews on 


. Si 
alkylation of ambident anions are also available” . The 


diversity of reaction conditions and results reported tend to 
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28 
make an understanding of the reaction, at best, difficult. 
Moreover; a’ discouraging ‘fact )seems to be clear. ''The “alkyl- 
ation of 1,3-dicarbonyl compounds is complicated by the 
formation of mixtures arising from C- and O-alkylation. 
seetter and )Dierichs studied ‘the effect ‘of “solvent }*concen- 
tration, metal cation, and leaving group in the alkylation 
of PS Revienoheanledtone sy. Piey “found “that "more ‘concentrated 
SeLutions led to higher ratios of C/O alkylation. They also 
found that higher yields of C-alkylation are obtained when 
using n-butyliodide (28.4%) as compared to n-butylbromide 
Cro. 2%)’. © sin! Gur “first attenpts' at ‘alkylating "2-methyl=1y)5- 
cyclohexanedione we used the conditions reported by these 
authors. Our compound, however, was recovered unchanged when 
we used their optimum conditions. Polgar and co-workers>” 


have been able to achieve the following alkylations. 
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Their success could be partially ascribed to the 
fact that they were using allyl halides, one of the few 
substrates that lead to high C-alkylation yields 9, One 
could also argue that some reaction between triethylamine 
and the allyl halide takes place to produce a tetraalkyl 
ammonium salt which in turn enhances the rate of the reaction. 
These compounds have been used as phase-transfer catalysts to 


aT Invour hands 16 


promote otherwise difficult reactions 
reaction could be observed between 1,3-cyclohexanedione or 
2-methy1l-1,3-cyclohexanedione and 53 using Polgar's conditions. 
The addition of equimolar amounts of triethylbenzylammonium 


bromide did not seem to have any effect. No reaction could 


be observed even after prolonged periods of time. 


R= H ,CH3 


Taylor and McKillop have reported that thallium (I) 
salts of 1,3-dicarbonyl compounds when treated with alkyl 
iodides give regiospecific C-alkylation in virtually quan- 
titative yiela’?. This method was not attempted in view of 
the results obtained by Pizzorno and Albonico’>. These 


workers found that thallium (I) salts of dimedone and 


1 ,3-cyclohexanedione when treated withvethy Py Podidce. produce 
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exclusively the O-alkylated compounds. Also, Hooz and 


Sarthe 


found that thallium salts, contrary to Taylor and 
McKillop's claim, produced mixtures of C-, O- and C- 
dialkylated compounds, showing that they offer no synthetic 


advantage for promoting exclusive C-alkylation. At this 


stage this approach was discontinued. 


pince we were not able to, use the ketalggodide) 53 
in the alkylation of 1,3-cyclohexanedione or 2-methyl-1,3- 
cyclohexanedione a different coupling method was sought. 
Also, we decided to use a compound that might be converted 


ata tater Seagesto the. desired dione. 


ba dean Wee known that some alkyl- and aryllithium 
compounds trans-metalate in the presence of aryl ethers 
Siving, rise to. the ,Ortho-lithiated aryl ether. Jw this 
fashion m-dimethoxybenzene ee ataees exclusively between 
the methoxy groups to afford 2,6-dimethoxylithiobenzene 54 
when treated with phenyllithium’®. 
Li 


O OMe 
MeO Me PhLi oe 


54 


Our initial intention was to react 54 with a pro- 
tected cyclopentanone ester such as 50 in order to obtain 


the ketone 55. .The ketone in turn could be removed by 
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Suitable reduction. The substituted 2,6-dimethoxybenzene 
thus produced could then be reduced to the Vinyl ether 57 
by Birch reduction. Acid hydrolysis should then produce 


phestriketone 58. MeO 
COOR 


0 pris 0 


MeO 
MeO 
 ————— <—+——_— Me 
R o1 0 “a 
| 58 57 OMe ieat) 


Bearing in mind that we wanted to use an aryl- 
lithium, a,protecting,group different from,-the, ethylene 
acetal was. prepared... This, precaution, was, taken, ingview,of 
the results obtained by Heathcock, Ellis and Pacers 
These authors report that the ethylene ketals of cyclo- 
pentanone and cyclohexanone are attacked by isopropyl- and 
e-butyl lithium, The products obtained are the alcohols 


formed by attack of the organolithium on the ketone liberated 


by E> elimination ton the acetal. 


2 


These authors report that the T.S-propyleneketal 


is stable under the same reaction conditions. 
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Ou 
ty RAG —_—_———> 
CH,)A 
CHI Ros i - C3H7 
t — C4H7 


Ketalization of methyl 1-methyl-3-oxocyclopentane- 
eeetatc using Z2.2-dimethyl-1,5-propanediol gave an 87% yield 


of the corresponding ketal 59 after chromatography on alumina. 


CO.Me ‘02Me 


When the ester 59 was treated with phenyllithiun, 
the crystalline carbinol 60 was obtained in over 90% yield. 
We had expected that the intermediate ketone might be 
sufficiently hindered to avoid attack by a second molecule 


of phenyllithium. _This proved not to be the case. 


) 
59 + PhLi oe OH 
60 


+i =9 
“i ~ 4 
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We speculated that perhaps by treating 59 with 
2,6-dimethoxylithiobenzene in a 1:1 ratio, the reduced 
amount of the aryllithium together with the added hindrance 
of the methoxyl groups flanking the reactive site might pre- 
vent further reaction with the ketonic intermediate. Thus 
when 54 (generated by treatment of m-dimethoxybenzene with 
n-butyllithium for 48 hours at room temperature) was allowed 
an peacto with the ester 59, a complex mixturesof. compounds 
was obtained. The ir spectrum of the mixture showed no 
carbonyl absorption but broad hydroxyl absorption at 3400 
cm +, No attempts to shes the components, of the mixture 


were made. 


Amides Peder with organolithium compounds to form 
ketones ’®, Recently Owsley and co-workers” Trepor ted, the 
preparatron-of"l,4-"and 1, 5=diketones™ by =thrscmapproach. =Arso 
Scilly has reported the preparation of aldehydes and ketones 
by an in situ reaction of organolithium compounds with 


carboxamides”° 
Lambooy has used 2,6-dimethoxylithiobenzene in the 
S 
preparation of 2,6-dimethoxybenzaldehyde I The aldehyde was 


obtained in 65% yield after treating N-methylformanilide with 


the aryllithium. 


Attempting to take advantage of this method we 
explored methods of preparing an amide of 1-methyl-~-3- 


oxocyclopentaneacetic acid. Discouragingly, thes methods 
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34 
employed gave low yields of mixtures. For example, treatment 


Otet,with thionyl chloride in CH,C1,-Et.N followed by addi- 


LAS i: & 

tion of N-ethylaniline afforded a 53% yield of a mixture 

containing the desired amide as the major compound. Ir: 

1745 cmt, cyclopentanone, 1660 cmt, amidenemnmr:: 674..16 
Gcertiary CH), ieee (eri pret, ethyl CH,), beads (singlet, 


CH,CON) , SO Shoe dsr, CGAY. CH,). 


Mixtures were also obtained wsing oxaly! chloride 
or triphenylphosphine-carbon tetrachloride complex?’ We 
felt that perhaps the poor results were due to the presence 
of the reactive ketonic carbonyl group. In order to circum- 
wen, this we prepared ‘the 2.2-dimethyf=d 55-propaned iol 
BCetaueort 1-methy1-3-oxocyclopentaneacetic acid Ole Using 
thesusvaleketalization conditions) on 49.-a mixture of ‘com- 
pounds was obtained. The desired ketal-acid 61 was isolated 
ine45.0vield by. acid-base extraction, Of theswmixture., Dis- 
appointingly this compound proved to be of no practical value 
since low yields of mixtures were obtained in our attempts at 
forming the corresponding amide (DCC, Et.NH in CH,C1,; 
N,N'-carbonyldiimidazole, Et NH). Treatment with thionyl 
chloride produced the acyl chloride, an unstable dark oil 
that resinified on standing. This approach was not further 


buYsved, 


The reaction of carboxylic acids with alkyl- or 
aryllithium compounds to produce ketones is a widely used 


eee de This method precludes, in most of the cases, 
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eyer-reaction to produce the~aitcoholy--fhe stability of the 
intermediate dilithium compound is invoked as the most 


Drausible explanation. 
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In light of our inability to produce an amide, the 
use of this method was investigated. Wittig and Pockels”” 
reported that when 54 was treated with CO, in an attempt to 
produce 2,6-dimethoxybenzoic acid, a mixture of products was 
obtained. The desired acid (14.7%), the ketone derived from 


the reaction of the acid with 54 (25%) andva trace of ‘trianyt 


carbinol were isolated. 


This we took as an indication that reaction between 
the acid 61 and 2,6-dimethyloxylithiobenzene might be used 


to synthesize the ketone 62. 
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The preliminary investigation of the method did not lead to a 


successiule result... A mixture consisting mainly, of starting 
material was obtained after treatment of 61 with 54. The 
mixture left after separation of the acid with sodium 
bicarbonate showed no carbonyl absorption in the ir. This 
route was abandoned when positive results were obtained by 


the moditied approach deseribed below. 


Concurrent with the first farluresingebtaining «the 
ketone 62, we started the preparation of: 2,8, é-trimethy 1-6 .10- 
dioxaspiro[4.5]decane-2-acetaldehyde 64. We expected that 


the aldehyde would not present the problem of over-reaction 
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that we encountered when using 59. The aldehyde should be 


readily accessible by oxidation of the corresponding alcohol 
63, itself prepared in high yield by lithium aluminum hydride 


reduction of the ester ing. 
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Our antention (shown in, Scheme lO) wase toereact 
the aldehyde 64 with 54 or the corresponding Grignard reagent 
to obtain the benzyléc alcohol 65. The aicohoteshould be 
amenable to hydrogenolysis to produce an aromatic compound 


which in.-turn might, be-converted to the desired. l sadione. 
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There are examples where a Similar reaction has 


been employed. The synthesis of perezone by Cortés, Salmon 
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56 


by Mechoulan and Gaoni make use of the reaction between a 


carbonyl compound and a lithiated 2,6-dimethoxybenzene. 
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Because of the complex results previously obtained 
while using 2,6-dimethoxylithiobenzene, we suspected that the 
aryllithium was only partially formed under our reaction con- 
ditions, Thus a° mixture of aryl- and alkyliithiums present 
Coula in part. explain the fact) that mie tures were 


consistently obtained whenever we employed the reagent. 


In order to avoid this problem, 2,6-dimethoxyiodo- 
benzene 66 was synthesized. The preparation as described in 
scheme tis had previously been reported”. A modification 


to the first step was used as described by Carpenter, Easter 
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and Wood?®, The route has one practical shortcoming, the 
nitration step is rather cumbersome. Also the reported 
yield of 40 - 45% could not be duplicated. In our hands only 
a 21% yield was obtained. 
Scheme 11 
N02 
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A simpler and better preparation of 65 was later 


employed. The synthesis as described by Boltze, Dell and 
Jansen>” involves the metalation of m-dimethoxybenzene fol- 
lowed by addition of. iodine. | The yield of (60:obtained ws 
high (70%) and the reaction can be carried out successfully 


on a large scale. 


Me Me Me Me 
Tene 
2 Io 


The preparation of the ketal-aldehyde 64 was 


sponded «0 
attempted in several ways. Moffat-Pfitzner oxidation’ of 
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the alcohol 63 using trifluoroacetic acid afforded a 95% yield 
of crude aldehyde. While the product seemed to be pure (tlc) 
the nmr spectra showed several broad signals that were not 
compatible with the expected nmr of the aldehyde. Chromato- 
graphy on alumina afforded the pure aldehyde in only 40% 
yield. A small quantity of N-trifluoroacetyldicyclo- 
hexylurea was also isolated. The use of anhydrous phosphoric 
acid (prepared by addition of phosphorous pentoxide to 85% 
H,PO0,) was more advantageous than that of trifluoroacetic 
acid. ~The. crude aldehyde obtained by this modification 

(85 - 92%) although contaminated (presumably with dicyclo- 


hexylurea) was used successfully in the next reaction. 


After”"we had established the efficacy of the 
Grignard reactions and theysubsequent removad of the benzylic 
hydroxyl group (described later), we decided to prepare the 
aldehyde by a different method. Our reasons were twofold. 
Pirst the Moffat-Pfitzner oxidation uses an excess of dicyclo- 
hexylcarbodiimide. .This reagent has to be destroyed by con- 
version to ‘the urea and? thet lattertremovedioc Injournghands the 
aldehyde was always contaminated due to incomplete removal of 
by-products. Furthermore, the process is cumbersome. Finally 
we felt that the use of a purer aldehyde would improve the 


yield in the subsequent Grignard reaction. 


Recently Corey and co-workers have reported the 


use of a DMSO-C1, complex for the oxidation of primary and 
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41 
secondary alcohols to the corresponding carbonyl compounds®?, 
This method was attractive because: a) it is believed to 
proceed through an intermediate similar to the intermediate 
postulated for the DCC-DMSO oxidation (which we already knew 
to be successful) b) the by-products, DMSO and triethylamine 


hydrochloride, are easily removed by aqueous washings. 


The first compound on which we attempted the 
oxidation was 51. The reaction proceeded without complica- 
tions to give 7-methyl-1,4-dioxaspiro[4.4]nonane-7-acetal- 


dehyde Slain 65% yield and in very pure form. 


e 
° 


When the same reaction was carried out using 
alcohol 63, the results were quite different. Under the same 
conditions used for 51,5 mmoles of 63 was oxidized to obtain 
a mixture of compounds. The mixture showed, instead of the 
expected ir absorptions at 1725 and 2720 ore (aldehyde), a 
strong absorption at 1745 emi (cyclopentanone .or.ester). 
Separation by column chromatography (silica gel) afforded 


36% of a slightly impure oil. This oil is believed to be 67 


uae tysadues gnitindgeert92 oft of hodenia 
ps huysilied ei i (e :eeusned svtnzsTI96 mw hele 
ofsthbomretni oi3 ot re Lime ushtbontypoit ne 90013 
wont ybnotle ow doinw) noidebixo dend-a00 ond 1 
siiagiviitatt? Sne OOH _229ubotg- vd ode (al (fi 


.egnidenu cxooups yd hovomex yii2eo 978 


ef? betqueite ew dotdw a0 brvoqres sevt? off 
-g2ilqmos anottiw habeosotg noitoes 4aT oie 
-[avoon-t-onnroa{>.b) ortgenxoth-6, f-Iydeame< ovig 
rok omg rev ab bak Bioty Fe ni et : 


yitiow ity boruras. caw error amee ot? comW. 
eomaz of% x ebnu dmraten2 eb situp e1sw etiucey of® +20 te 
theido oF basthhac en £8) t0 eafomez , Ig 10% bese 
ste to ah «bowers ‘otutx im aft? . 2 Haitisoegnrs, to | 
i . Cobrytobtay * "mo vOSTS “Has a te anvizqrozdiy xt be 2K | 
Land sete ot) onengdneqotoysy. * "WS UERE 36 noitqronds 4 
voy (hea yaottie) geryorenonts Prien | i : ie 
od (03 -baval iodvad tio ait lap » arugmi sale 5 


a eR er eae a 


42 
on the basis of the following observations. Its ir shows a 
strong carbonyl absorption at 1750 iia The compound is 
reduced by sodium borohydride to give a product of higher 
polarity on tlc. This product does not show carbonyl absorp- 
tion in the ir but shows strong hydroxyl absorption (broad, 
Sro0 = 5550 oh ah An exact mass determination of the 
parent peak of 67 is consistent with a compound with the 
empirical formula C, 3H,,0, (Caled: 226.1564 wbound. 527.6415 69)),, 
The base peak at m/e 115 corresponds with 67a. Neither 67 


nor the oxidation procedure were further examined. 
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The use of the N-chlorosuccinimide-dimethyl- 
sulfide complex for the same oxidation, another of Corey's 
methods°? , was briefly examined. This also led to a complex 


mixture of products. 


The direct®conversion..of the ester 59, to zhe 
desired aldehyde 64 was attempted with limited success. 


Certain complex hydrides may be used to prepare aldehydes. 
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43 
from esters. Reputedly treatment of aliphatic esters with 
sodium aluminum hydride at temperatures of -45 to -60° using 
THF as the solvent gives rise to the aldehyde in good yieid®>, 
It is reported that aromatic esters give lower yields. The 


use of Red-al, sodium bis(2-methoxyethoxy) aluminum hydride* 


65 


or diisobutylaluminum hydride, DIBAL brings about the same 


type of conversion. 


The use of the last two reagents was explored. 
ereatment jor 59 in ether for fiveyhours at -78° with Red-al 
led to no reaction and the starting material was recovered 
unchanged. The same result was obtained after treatment at 
-40° for the same period of time. Diisobutyl aluminum hydride 
proved to be more effective than Red-al. Unfortunately, 
however, clean conversion to the aldehyde could not be 
achieved. Instead a mixture of aldehyde, alcohol and starting 
material was isolated. Thus addition of DIBAL to a solution 
S£t59Vin.toluenemat 2705 (the temperature was not allowed to 
warm above =60-5 followed by rapid addition of methyl 


alcohol to quench the reaction led to a 5:2:3 mixture of 64, 


63 and 59. 
H 
0,Me H 
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DIBAL 
BA + + SM. 
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44 
The previous workers?” state that increased bulki- 
ness of the alcohol portion of the ester minimizes over- 
reduction. In an attempt to achieve a clean conversion to the 
aldehyde we attempted to prepare the isopropyl ester. In 
this Case the catalytic dehydrator’ did not bring about the 
desired conversion. No further attempts to prepare the ester 


were made. 


02H catalytic i xX 
CCH. 
a ; dehydration 


& OH 


The method that was most effective for the oxi- 
dation of the alcohol 63 to the aldehyde 64 involved the use 
Or chromiem Crigxide-pyridine complex: In 1970 Ratcliffe 
and Rodehorst published an improved procedure for oxidation 

66 


with Cr0,-Py, complex... The preparation ofr the Cr0.*Py, 


directly in CHCl, avoids.the need,of storing,the very 
hygroscopic complex after preparation. A slight modification 
of their work-up procedure (which calls for removal of pyri- 
dine by acid wash) consistently afforded very pure 2,8,8- 


trimethyl-6,10-dioxaspiro[4.5]decane-2-acetaldehyde 64 in 


high yield (82%). 


The Grignard reaction between the aldehyde 64 and 


2,6-dimethoxyiodobenzene 66, takes place readily... A 
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45 
necessary precaution is that of using surface-cleaned magne - 


Sium metal and a trace of iodine in order to initiate the 
formation of the Grignard reagent. Otherwise, the reaction 

es Sluggish and the yield decreases considerably. Dry-column 
chromatographic separation of the product afforded the alcohol 
65 as an Oil (55%). The product is a mixture of epimers and 


could not»be crystallized. 


Some attempts were made to remove the hydroxyl group 
by hydrogenolysis. Hydrogenation in ethanol at atmospheric 
pressure for 18 hours afforded only recovered starting mate- 
eral. Hydrogenation in ethano bat *s0“psisover palbadized 
charcoal for four hours was equally unsuccessful. The use 
of acid is known to promote hydrogendiysis” | Pi.ourecase. 


extensive decomposition took place when using methanol 


containing 1% H5SO,. 


The transformation of the alcohol to a chloride and 
to a p-toluenesulphonate was then attempted. We expected 
that the chloride or p-toluenesulphonate should be easily 
removed by treatment with lithium aluminum hydride. The 
formation of the p-toluenesulphonate could not be accomplished 
(p-toluenesulphonyl chloride in dry pyridine) possibly due to 
steric hindrance. Treatment of 64 with thionyl chloride in 
pyridine led to a mixture of products which was not further 


investigated. 


At this stage, with the amount of benzylic alcohol 
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46 
running low, a model compound was prepared in order to define 


the conditions of hydroxyl removal. Treatment of butyr- 
aldehyde with 2,6-dimethoxylithiobenzene gave a low yield 


(26%) of 1-(2,6-dimethoxyphenyl)-1-butanol. 


CH3 CH3 H 


CH; OCH3 


Since catalytic hydrogenolysis was not effective 
Mew investivated dissolving metal reduction. “Birch reported 


in 1945°8 


that allylic alcohols undergo reductive cleavage 
by treatment with sodium/ethanol/ammonia. Benzylic alcohols 
were analogously cleaved under the same conditions. In 

1949 Birch and Mukherji made use of these reductions for the 


synthesis of a- and g-curcumene®’. 
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47 
Under these conditions 1(2,6-dimethoxypheny1) - 
1-butanol was cleaved to obtain 2,6-dimethoxy-n-butyl- 
benzene 68 in high yield (92%). When the alcohol 65 was 
used as the substrate the corresponding dehydroxylated 
compound was obtained in good yield. Thus 2-[2-(2,6- 
dimethoxyphenyl )ethyl]-2,8,8-trimethyl-6,10-dioxaspiro[4.5]- 


decane 70 was obtained in yields ranging from 82 - 98%. 


CH39 44 CH3 


CH3 CH; 


————__+ CH3 


The next step, Birch reduction of the aromatic 
nucleus, was first investigated using 68 as the model com- 
pound. Larger quantities of 2,6-dimethoxy-n-butylbenzene 
were prepared by a more efficient sequence than previously. 
Treatment of 1-bromo-2-butene with 2,6-dimethoxylithio- 
benzene led to the formation of 1-(2,6-dimethoxypheny1) -2- 


butene in 40% yield. Catalytic hydrogenation over palladized 
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charcoal afforded 68 in nearly quantitative yield. 


i} CH3 


CHO. CH3 CH2CH=CHCH3 
4+ _CH3CH=CHCH Br. ——> 
CH3 


Meat 
68 5% Pd-C 


The transformation of 68 to its dihydroaromatic 
compound 69 was attempted a number of times. Some of the 
conditions employed and the results obtained are summarized 
in Table 2. Birch and Russell have reported the reduction 
of 2,6-dimethoxytoluene’9. A ratio of 7.85 mmoles of lithium 
to 1 mmole of aromatic compound was used by those authors. 
Their product was shown to contain 85% of 2,4-dimethoxy-3- 
methylcyclohexa-1,4-diene. It is not stated whether the 
remaining 15% is starting material. Rogers and co-workers 
have also reduced Pendimieenac cote: using a different 


set of candition= c: These authors claim 90% conversion to 


the dihydroaromatic compound. 


As can be seen in Table ‘2 we were not able To 
obtain a, quantitative conversion of 68 to 69. “Furthermore, 
the results obtained were not reproducible. For example, 
when 1 mmole of 68 in tetrahydrofuran-t-butyl alcohol 
(10 mls each) waswtreated for six hours, an 82% yieldsofma 


15:85 mixture was obtained. 
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Recently Kwart and Conley reported a modified 


Birch reduction using lithium in alkylamines’”, These 
authors found that the amount of reduction was propor- 
tional to the amount of metal used. The concentration 

of the proton source or the alkylamines seemingly had no 
effect. The method was used anticipating that the use of 

an excess of metal would lead to the desired product. While 
increased amounts of dihydroaromatic compound were actually 
obtained by increasing the amount of lithium used (see Table 
3), complete conversion to the dihydroaromatic compound 


could not be effected. 


TABLE 3 


To 68 (4 mmoles) dissolved in n-propylamine 
(30 m1) lithium and t-butyl alcohol were 
added at intervals. 


t-butyl 
Lithium alcohol Time Condition Yield Ratio 
(mmoles) (m1 ) (hours) 68:69 
Le gs as 15 5 room temp. 7 77 65.445 
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Although the conditions defined on the model system 
were not ideal the reduction of 70 was nonetheless attempted. 
We anticipated that on hydrolysis of the product a mixture of 
two compounds, 72 and 73, would be formed. We reasoned that 
the separation of 72 from 73 would be facile and that 7S: 


could*then be recycled: 


OMe 
WAN 
Me 
\ 
H aye +- 
- 0 OMe 
b 5 
72 73 


When 70 was treated for three hours with Li-NH,- 
=BUOH Hsin eeTHhMasco*solvent;*a°1er mixturetor p7UTALewsS 
obtained. This mixture was treated once more using the same 
reduetron Conditions: °* The? P35 mixture*or) 70:7) thas obvaimed 
was heatéd*in 20% HC? for three hours? ‘Extraction *withPrether 
afforded a complex mixture of products which proved difficult 


to separate. A simpler method was sought. 


The catalytic hydrogenation of resorcinol in dilute 


aqueous sodium hydroxide over nickel-nickel oxide-kieselguhr 
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at 1000 - 1500 pounds produces 1,3-cyclohexanedione in 85 - 
95% Wael ae The necessity for high pressure hydrogenation 
conditions may be avoided by the use of rhodium on alumina 
as the catalyst. Using this catalyst comparable yields of 
therdione)are, obtained at)only,50.psi,.of hydrogen’“. Liiva 
Similar reduction could be accomplished using a 2-alkyl sub- 
stztuted resorcinol; «the preparation,o£;72 could;then, be 


achieved after transformation of 70 to the corresponding 


resorcinol. 


iInvorder to.test this, possibili tw commercial ly 
available 2-methylresorcinol was hydrogenated using the same 
Conagi tions reported by Meyers’ *, Ins Chvs e manic terme ty, 
1,3-cyclohexanedione was obtained in 63% yield. The reaction 
Conditions were not optimized but the yield was (sufficiently 
high to warrant comsideration of this method as a viable 


alternative route to 72. 


The ether cleavage was investigated using 68 as 
the model compound. The cleavage of ethers has been exten- 
Sively studied’? and there are a number of methods available 
to, effect this transformation. ..Treatment10f 208 witha ymix- 
ture of .48%,.- HBr and, glacial,.acetic.acidvat,reflux.tempera- 
LuLewloneioent hours aicoracd’ 2-n-buty lresorei noi 74 nea 7s 
yield. Treatment of 70 under the same conditions led to 
extensive decomposition. When a mixture of pyridinium hydro- 


chloride and 68 was heated under reflux (230 4 for three 
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hours’° an 86% yield of the resorcinol 74 was obtained. 
Heating a mixture of 68 and methylmagnesium iodide at 180° 
for seven hours // produced 74 in 96% yield. Disappointingly 
these methods gave complex mixtures when used with 10> .OtLher 
methyl ether cleavage methods were attempted on 68 without 
Ssuceess,,, These wene: »a) treatment of :the .ether .at,.185° -in 
a Carius tube with 10% aqueous methylamine’® bj theatre to 
Geflux in diethylene glycol in :the .presence.of potassium 


Oy 5) treatment: with boron tri- 


thiophenoxide-thiophenol 
Ehloride.”. The first method gave a mixture of compounds, 


the last two afforded unchanged starting material. 


CH; H 


OCH, H 
74 


One way to circumvent the,ether cleavage would. be 
to use a protecting group which could be removed under mild 
conditions. If instead of ‘using 2,6-dimethoxylithiobenzene 
one were to use bis(tetrahydropyran-2-y1)-2-lithioresorcinol 
in the same sequence of reactions employed to prepare 70, 
the final product should hydrolyze readily to the desired 


resorcinol. 


Parham and Anderson have reported the preparation of 


bis (tetrahydropyran-2-yl)-2-lithioresorcinol 75. These 
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54 
authors were able to prepare 2,6-dihydroxybenzoic acid in 
86% yield by treatment of 75 with co, followed by hydrolysis 
aa When we treated 75 with the aldehyde 64., thettcorrespond= 
ing alcohol 2-[2-(2,6-ditetrahydropyran-2'-yloxpheny1) -2- 
hydroxyethy1]-2,8,8-trimethyl-6,10-dioxaspiro[4.5]decane 76 
could be isolated in 263% yield. The low conversion to 76 
and the tedious chromatographic separation involved led us 


to search for modifications which would improve the 


efficiency of the sequence. 


THP 


n—BuLi > 


THP 


THP 


OTHP 


As in the previous ‘case, we fele@ That the preparation 
of bis(tetrahydropyran-2-yl)-2-iodoresorcinol 77 might solve 
the problem. The preparation of 77 was carried out in the 
same manner as that of 2,6-dimethoxyiodobenzene. The product, 
obtained as a yellow solid (40%), decomposed rapidly and could 


not be characterized fully. Furthermore, its instability made 
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55 
dattrculc rts use an the Gripnard”’réact?ons *Tt was? found 
that treatment of bis(tetrahydropyran-2-yl)resorcinol with 
phenyl lithium afforded 75 as a white solid. Removal of the 
mother liquor with an hypodermic syringe and rinsing the 
Soiad With ether affords 7S" sutticientily® pure» tor= fur ther 
Teaction with 64. ~In’ this’ manner,’ 76 was obtained in 79% 
yield from 64. 

Li I 
THPO THP THP THP 


E&Y 77 


Removal of the benzylic hydroxyl group was achieved 
in 89% yield using the conditions employed previously. The 
dehydroxylated compound 78 was easily transformed into the 
keto-resorcinol 79 in 75% yield by hydrolysis in aqueous 


methanol containing oxalic acid. 
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Our attempts to selectively remove the tetrahydro- 
pyranyl protecting groups without cleaving the ketal met with 
failure?“ Surprisingly, the protection of 79 with 
2,2-dimethyl-1,3-propanediol was difficult. In a number 
of cases, a mixture of 80 and starting material was obtained. 
On standing, the mixture discolors and hydrolyzes to 79. It 
was found that excess alcohol had to be added at intervals in 
order to obtain complete conversion to 80. The ketal was 
obtained as an unstable oil after chromatographic separation 
on alumina. In order to avoid decomposition it was 


catalytically*reduced to the dione 81 as soon ,as™possible. 


The conditions tor the reduction .(20 to 81) were 
first investigated using 2-n-~butylresorcinol This’ was 
necessary since the small quantities of 80 available made the 
use of the Parr hydrogenator impractical. The reduction was 


carried out using a pressure polymer bottle as the 
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Si 
hydrogenation chamber. The bottle (just wide enough to 


accommodate asmall stirring bar) was charged with 0.5 mmole 
of Z2-n-butylresorcinol, 10 mg of 5% rhodium on alumina cata- 
tyst and 0.55 ml ofea~1N NaOH solution. It was’ then capped 
and flushed repeatedly with hydrogen before pressurizing to 
pUepsi.. “Atter vigorously stirring the slurry for 18 hours, 
the reaction mixture was neutralized and extracted with ether 


to afford a quantitative yield of 2-butyl-1,3-cyclohexanedione. 


we 


The reduction of 80 was carried out in an analogous 
manner." Neutralization of the reaction mixture and extraction 


provided ti 960 "yield. 


At this point We investigated ‘thesreducttonsor the 
ketone wovitseld to sec it the desired cyclization would take 
place. Hydrogenation of 79 was carried out as on the previous 
substrate. Atter aciditication wa iM1xtunceO, et iver components 
was obtained. The major component appears to be 3-methyl-3- 
[2-(2,6-dioxocyclohexyl)ethyl]cyclopentanone 82. The ir 
spectrum of the mixture is very similar to that of 82 obtained 
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The cyclization of 82 was attempted under a variety 
Bi conditions. In most of the cases in which acid-catalyzed 
cyclization was attempted, mixtures were obtained in which 
the starting material was the major component. Treatment of 
eeounder basic conditions led. to, a poor recovery jof a.complex 
mixture. The best results were obtained by heating 82 with 
p-toluenesulphonic acid in either benzene or chloroform. 
Thus when 82 (from acid hydrolysis of 20 mg of 81) was 
refluxed in chloroform containing catalytic amounts of p-TSA, 
a mixture jot products (8 mg) was obtained, | Mass uspectro- 
metric measurements showed an apparent molecular ion at m/e 
218 which would correspond to g tricyciie material such as 
83. Preparative thin layer chromatography of the mixture 
atforaed three fractions. One of them (Il omg) soives a mole- 
cular ion at m/e 218. The ir spectrum (Crs cm} shoulder 
at 1715 cm + strong, weak bands at 1665 and 1640 cm) fits 


reasonably well with what one would expect from a compound 


of structure 83. 
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From the results that we obtained 1t was clear that 
cyclization does not occur readily, possibly because the 
tendency of the 1,3-cyclohexanedione to enolize lowers the 
Sleceropni ticity of) the carbonyl group. “Lf this is actually 
the reason, one way around the problem is to avoid enol for- 
mation by methylation at the 2-position of the dione. Alter- 
Perively, tOrmation Of its enol! ether or eno luacetate might 
also facilitate cyclization. Methylation was attempted using 
methyl iodide in methanol containing Triton-B. The impure 
product obtained shows carbonyl absorption bands in the ir at 
DAS em + (ester) and 1710 en (ketone). the mass spectrum 
shows a prominent peak at m/e 35608. These™xresults are con- 
Sastent With the formation of the Keto-estem io.)  ihicamoate- 
rial presumably arises by cleavage of the desired methylated 
diketone 84. In order to isolate 84 without fragmentation 
the methylation was attempted using potassium t-butoxide-t- 
butyl alcohol. In this case, however, the mixture obtained 
showed mo)indication of the presence of 04... the mas spect ium 


exhibiting a great number of high-molecular weight peaks. 
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CH31 
Triton-—- 
32. ——_——— —> | 
a CH30H O CH ee 
CH3 
84 85 


Ingorder Costurther study, the,cyclizataon,ea 
Simpler system less prone to enolization was synthesized 


as shown in Scheme 12. 


Scheme 12 
Me 
Mg Br 
A os HO 
Me 
O 
PY = 
—_——> meee 
Me OMe 
eZ 88 
O 
. 89 


The Grignard reaction between aldehyde 64 and ortho- 


iodoanisole gives the alcohol 86 in 42% yield together with 
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2% of the dehydroxylated compound 877 TUACbHetteriyvdieldto£ 


the alcohol (53%) was obtained when using THF as the solvent. 
Reductive cleavage of the benzylic hydroxyl group was 
achieved in 98% yield using the same conditions employed on 
previous substrates. The Birch reduction again proved trou- 
blesome. When 87 was treated with a 10 molar excess of 
lithium in ammonia using ether as co-solvent, a mixture of 
Starting material and dihydroaromatic compound 88 was 
obtained. Acid treatment of this mixture followed by chro- 
matography afforded a 30% yield of impure 3-methyl-3- 
[2-(1-oxo-2-cyclohexen-6-yl)ethyl]cyclopentanone 69.) Oar 
attempts Co cyclize 89 under“acidic of basic’ conditrens met 


mooi stad lure: 


In order to see whether the saturated “3-methyl-3- 
[23 (1-oxo-cyclohex-6-yl)ethyl|cyclopentanone 91 would under - 
go cyelization, it was prepared through, a) modification of 
the reaction sequence already used. Thus complete reduction 
of the aromatic ring to 88 was obtained by "the use of a’ 1:50 
Tatio of substrate to. lithium: and, ethanol. olhes ir spectrum 
of the crude 88 lacks the 1600 cmt absorption due.to the 
aromatic ring. This compound was hydrolyzed under mild 
acidic conditions to 3+methyl-3-[2-(1-o0xo-3-cyclohexen-6-yl1) 
ethyl]cyclopentanone 90. The presence of two carbonyl 
absor pions, in. thepiroat 1740 Se (cyclopentanone) and 
1710 cm? (cyclohexanone) were taken as indication that 


migration of the double bond to form the a,f8-unsaturated 
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ketone 89 had not taken place. The crude compound was hydro- 
genated at 30 psi for 30 minutes to the fully saturated 
diketone 91. (Mass spectrum shows a molecular ion peak at 
m/e 222.) Without purification this diketone was treated 
with aqueous methanolic potassium hydroxide to obtain the 
enystalblinéetricycliceketol 940. SWith .thepexcephioneofpthe 
final product 94 none of the intermediates were purified. 

In this manner a 50% overall yield of 94 was obtained from 


oii. 
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The ketol obtained displays carbonyl absorption at 
1740 cm} (cyclopentanone) and shows a sharp hydroxyl absorp- 
EiLon at 15619 cm? and a weak broad absorption at 3450 one 
hes sional at S019 cn? did not show any change in frequency 
when the spectra were recorded using 0.05M and 0.01M solutions 
of 94 07in CCl). The same appears to be true for the absorption 


at 3450 cm? although the signal is quite broad and weak, 


making a definitive conclusion difficult. These observations 
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indicate the presence of a free hydroxyl group with possibly 


82 


some intramolecularly bonded O-H The nmr (CDC1,) of the 


ketol shows a sharp methyl absorption at 0.92 ppm. It has 


been reported®” 


that the chemical shift of a methyl group 
present in a 1,3-diaxial relationship with an hydroxyl group 
suffers a down-field shift of 0.5 - 1.0 ppm when the spectrum 
is recorded in pyridine. The methyl absorption of our ketol 
did not show any shift under these conditions. Apparently in 


94 the methyl and hydroxyl groups are not in a 1,3-diaxial 


relationship. 


The diketone may cyclize in such a way as to gener- 
ate four different skeletal arrangements. Two of them can be 
discounted as they necessitate the product to have a cyclo- 
hexanone. Structures 93 or 94 may represent the isolated 


product (no stereochemistry shown). 


O 


We felt that a structure such as 94 would be more 
likely. It necessitates the formation of a six-membered ying 


as compared to the seven-membered ring required in the 


formation of 93. Of the eight possible stereochemical 
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64 
arrangements of 94, three may be excluded as they have a 
1,3-diaxial relationship of the methyl and hydroxyl group. 
Another isomer, trans-syn-trans, can be excluded as it ne- 
ee-c 1 eates the centrallring in a boat conformation. The 
four structures left, 94a, 94b, 94c and 94d are arranged 
in their probable order of stability. Marshall and Fanta®@ 
have suggested that in aldol cyclizations leading to bicy- 
clic ketols, equatorial attack on the cyclohexanone is pre- 
ferred to axial attack in the absence of a-substituents. If 
Poicwis the. case, structure! 94a represents, the,actualastercog 
chemistry of our ketol 94. However, at this stage a conclu- 


Sive assignment cannot be made. Thus the ketol might be 


represented by structures 94 or 93. 


i 
< 


Treatment of 94 in refluxing 10% aqueous potassium 
hydroxide or with a catalytic amount of p-TSA in refluxing 
benzene led to a mixture of compounds. The ir spectrum of 
the mixture showed carbonyl absorption at 1745 cm +, The nmr 
showed methyl absorptions at 6 1.04 and 1.23 respectively. 


No vinyl proton absorption could be detected. The 
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dehydration product is believed to be the mixture of 


compounds represented by 95. 


H 


oe) 


Attempts to mono-methylate 95 produced mixtures of mono- and 
polymethylated compounds as shown by mass spectrometry. We 
also attempted to form the enol acetate of 95 in an effort 
to simplify the mixture. However, no clean transformation 


was achieved on the quantities available. 


A method for the preparation of the tricyclic com- 
pound having the required two methyl groups was briefly 
examined. We felt that selective hydrogenation of the less 
substituted double bond of 88 should be possible. The enol 
ether obtained could then be cyclopropanylated and this 
intermediate’ cowld in’ turn be hydrolyzed tos yields thes di- 
ketone 96. Cyclization of this compound might be carried 


out as on the previous substrate. 


Selective hydrogenation proved more difficult than 
anticipated since 88 shows a great tendency to dehydrogenate 


to the aromatic compound 87 in the presence of a catalyst. 
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This route is being investigated further by another member 
Peeves Oupe lt the tricyclic ketol 397 can) nesobtaied 
ClLiicicnhtiy ats stereochemistry will Delaccemtained by A-ray. 


crystallography. 


A-B Approach 


The: construction of a) twou ring. svotemeacua sua table 
Starting, point for “the synthesis of) the cyathanelcke letom was 
investigated. Our initial intention was to build two fused 
six-membered rings that could be modified into rings A and 
B of cyathin. The precursor, to ring A should be, function- 
alized in such a Way as, to. allow, a yong contraction Co. take 


place, leading to a ‘substituted five-membered Tine. The 
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67 
precursor to ring B should be sufficiently functionalized 


SO as to permit the construction of the last ring, ring C. 


A wealth of information along this line is available from 


sesquiterpene synthesis®> as well as from steroid®® 


87 


and 


triterpene synthesis 


Specifically 78(H)-14-noreudesm-4,11-dien-3-one 
98 was chosen as our building block. We reasoned that this 
compound should dimethylated to give 78(H)-4-methyl-eudesm- 
fe -ciuen-S-one 99. This ketone might) be reduced) at,a later 
stage to give an alcohol which in turn should contract to the 
isopropyl substituted ring A of cyathin. The 7a-isopropenyl 
should be selectively oxidized to form an 7a-acetyl group 100. 
Subsequent base treatment would lead to the isomeric 
BoP Unsaturated ketone 101. The ketone might, in-turn be used 
as a Michael acceptor when treated with, for example, dialkyl 
malonate“ Rindh.cyclization’ of this intenmedrate should 
generate.a tnicyclicusystem 102, a possible synthon. to, the 
desired cyathane skeleton. The series of transformations 


envisioned is summarized in Scheme 13%. 


In the early stages of this work, the dihydro- 
carvone required in the synthesis of 98 was obtained by 
Birch reduction of ee Later the reduction was done 
by the procedure described by Halsall, Theobald and 
Walshaw’’. The latter method, using aqueous NaOH, zinc dust 
and ethanol, has the advantage of being faster. Also greater 


quantities of carvone could be successfully reduced at one 
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time. A modification of this last method which affords a 


higher yield of dihydrocarvone was later brought to our 

attention”. Thus dihydrocarvone was obtained in 62% yield 
by Birch reduction, in 60% yield using 2n/NaOH/EtOH and in 
84% yield by Hodgson and Money's modification of the latter 


method. 


The preparation of 98 was achieved using a modifi- 
cation of the procedure reported by Theobald”, Treatment of 
dihydrocarvone with sosium hydride under nitrogen in refluxing 
tetrahydrofuran followed by addition of Prenromobutan oon 
affords a mixture of starting material, 98, and 58-hydroxy- 
76(H)-14-noreudéesm-1]]-en-3-one 103. Distillation of the mix- 
ture separates dihydrocarvone (30 - 50% recovery) from 98 
and 203 (58% based on recovered starting material). By treat- 
mentor the last mixture for 18 hourssunder nitrogen in 


refluxing 10% aqueous potassium hydroxide total conversion to 


the a,f-unsaturated ketone can be achieved in high yield. 


After preparation of the unsaturated ketone, con- 
ditions for dimethylation were sought. In 1954 Woodward and 
co-workers reported the synthesis of lanosterol from choles- 
terol??. The authors reported that direct methylation of 
either ae or A” -cholestene-3-one with methyl iodide and 
potassium tert-butoxide in tert-butyl alcohol readily afforded 
the 4,4-dimethyl derivative in good yield. Since then a great 
number of similar reactions have been reporpved (see, neference 


3 for some examples in triterpene synthesis). Another base, 
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potassium tert-amylate?” in benzene has also been widely 
used to generate enolate anions from a,B-unsaturated ketones. 
The methylation was attempted using potassium tert-any late 
as the base. The ketone 98 was treated with three equiva- 
lents of base and heated at 60° for one hour under nitrogen. 
After addition of an excess of methyl iodide in benzene the 
mixture was heated to reflux for one hour. After quenching 
with acetic acid a mixture was obtained. The mixture showed 
GartConyl absorptions in the ir at 1712 and 1680 cm} respec- 
tively. The mass spectrum showed molecular ion peaks con- 
Sastent with thé presence of mono-, di-vand trimethylated 
ketone. Somewhat more vigorous conditions were used to 
convert the mono- to the dimethylated ketone. With increased 
amountsor base (5 eq.) ‘under similar conditions,’ no mono: 
methylated compound was obtained. A mixture of di-, tri- 
and tetramethylated ketones with the latter seemingly pre- 
dominating was obtained instead. Some other variations in 
the amount of base! or methyl iodide wene™%employed but in all 


of the cases mixtures were obtained. 


Expecting to better control the methylation, the 
synthesis of the monomethylated ketone was carried out. 
7B (H)-eudesm-4,11-dien-3-one 105 has been used as the 
starting point for the synthesis of several sesquiterpenes. 
The synthesis of a-agarofuran has been carried cut by. sthree 
different groups, all of them using 98 as the starting 


material’. Epi-v-selinene has also been synthesized 
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71 
employing 98 as the starting point. A modification of the 


method described by Halsall, Theobald and Walshaw®” was used 
for the preparation of 58-hydroxy-48,78 (H) -eudesm-1l-en- 3- 
one 104. Thus addition of 1-chloropentan-3-one to a solution 
of the sodium enolate of dihydrocarvone while maintaining the 
temperature at #2008 afforded 104 in good yield. The ketol 
was°transformed to 105 by heating to reflux in a 10% 

aqueous potassium hydroxide solution under nitrogen (95% 


yield) 
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Conditions for methylation of 105 were investigated 
using potassium tert-amylate as the base; When 105 was 
treated with three equivalents of base followed by the addi- 
tion of three equivalents of methyl iodide and the mixture 
heated under reflux for two hours, a mixture was obtained 


which contained mainly the tetra-methylated ketone. 
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the wusevof 1.2. equivalents of ee and methyl iodide at 

0° for one hour led to a mixture of mainly the desired 
compound contaminated with over-methylated material. No 
Stercing material was detected. . The di-.. tri- and tetra- 
methylated ketones have similar chromatographic behavior 
and could not be separated effectively. It was noticed, 
however, that the Re's Of the Starting material ana the 
desired ketone were sufficiently different so that chroma- 
tographic separation might be possible. Conditions were 
Bouent to’ produce a'\mixture.of 99 and starting material. 
The best results were obtained when less than equimolar 
amounts of base and methyl iodide were used. For instance, 
evsolutVron@of “105 “and 0:95 *eq?*of -potassium't-amylate™in 
THF was heated at 60° for 15 to 30 minutes under nitrogen. 
The solution was cooled to 0° and 0.95 eqn oreme tnys -1rodide 
dissolved in THF was added. The mixture was stirred at 0° 
for 30 minutes and quenched by addition of acetic acid. A 
mixture of starting material and the desired compound was 
obtained in this manner. This mixture was chromatographically 
separated Yonysilicrev’acid to*yretd SOc >or, oortogetiicr with 15% 
of starting material. The chromatographic separation was 
tedious so ways of circumventing this were sought. To this 
end the use of THF as the co-solvent in the methylation 
reaction was discontinued. Instead, the use of benzene was 
investigated. We expected that by decreasing the polarity 


of the reaction medium the methylation would be appreciably 
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Slower and that over-methylation might be avoided. The 
reaction required higher temperature (refluxing benzene) 

and longer periods of time to proceed to the extent of the 
previous methylation. It was however not advantageous since 
excess methyl iodide had to be added (to allow for the CHz1 
lost through evaporation) and over-methylation could not be 
avoided. Comparable results to those obtained using THF as 
co-solvent were secured by treating 105 with equimolar 


amounts of base followed by addition of a’molar excess of 


methyljiodide and heating the mixture ‘to reflux for one hour. 


Methods (for selectively Oxrdizing erne exocyc1i1c 
double bond were now investigated. The internal double 
bond 1s more sterically, hindered «so jGhnat woxidation, of the 
non-hindered isopropenyl double bond should take place 
Preetenentialiy. he use, or the Lemieux-Von nudiori reagent 


(KMnO “Nal0,) was investigated first’ >’ Treatment of 99 


4 


with KMnO ,/Nal0,/K,CO in aqueous C-buty! alcohol ledy to 


5 
the isolation of a mixture whicheno longer showed the pre- 
sence of vinyl protons in the nmr. Seemingly oxidation of 


the internal double bond took place under these reaction 


Condit Lons. 


In 1962 Meyer, Cameron and Johnson reported the 
synthesis of di-18-norestrone’’. The, synthetic sequence 
required the use of controlled amounts of ozone. To achieve 


this, saturated solutions of ozone in methylene chloride were 
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74 
used. The amount of ozone was controlled by the volume of 
CHoCl.. This method was used successfully in our oxidation. 
Thus 1 mmole of 99 was treated with 1.1 mmoles of ozone 
(40 ml of CH,C1,) to obtain a 43% yield of 4-methyl-7a (H)- 


noreudesm-4-ene-3,1]l-dione 100. 


Hp a 


fhe ozonolysis of large quantities of 99 under 
these conditions was not practical since large volumes of 
solvent would be necessary and alternate methods were 


investigated. 


The use of sodium periodate-osmium tetroxide”’ 
was investigated. Treatment of 99 in ether with an 
aqueous solution of sodium periodate (3 equivalents) and 
osmium tetroxide (0.1 equivalents) afforded, after 48 hours 
Of Stirring at room temperature, a mixture containing mainly 
starting material. The oxidation was then attempted under 
homogeneous conditions. Treatment of 99 for one hour in 
aqueous dioxane using the same proportions of NaI0,/OsO, 
led to the complete disappearance of starting material. 


After work-up a 79% yield of crude dione was obtained. It 


nT 
to seofoy odi yt bolideaa0> enw oHos0, to — 
moiveb¥eo suo vi ¥ifviezooude boeu con Soe BERRY 
Kease fo setonm 1.1 “dttw beset? en oe Be ston & 
{Mi ot -ivdtam-~b to beet OG) & aretdo 67 ( ¢ L2.g0? Yo | 
QOL saalb-11,<~ ene ~Be 


¢ . ~*~ a? 
| - he riuag ht 
< AO ee ‘~ °C 
Bal E } 
f\ 
OO bo 
‘spa EU To serriywetp sy rg. " ‘-sylanese@ watt 


96 esauiloy eee 0 Jus. wend Tose Th 2a enol tihnos 


até 2hodyen stanretic bas vise 26onn wd bfuow 


bevagt? 


“sbtxoris3 HMINSO- dtcioirey rasboe io 620 ecT 

me BJ av tongs an 8f jo tiaddnag4T -botagtiteavak 

biyve Cetnalaviup -) #?tbeiisq mushor i6 aekdehos 

g1ued fs. costs ,beobietie (etnvlaviuge f£.4) shi xnQties 

yitien ghthiatio2 erusxin o .»Totutognet moor oh guisrise P. > 

Tabay be rum! $@ sent ¢ew tobtabi«o st l[abresaa anid 

ee : ni xood eo To} ee to jamaaeest . 2nol ribasp’ ae » f. va 

mi) Moe goed Of ot 36 eacltroqotq emwee wht cates entkabh ik 
ee f 


Visa agen HEektasan yRiyrate to sanstesqHweth ora lqvea odds 
5" " “sbtdvrts. Faw GHolb oburs Fd Lhoiy 101 4 qed 


= 7 
ip an Ue 


: ie ' " 
ie aa iyi a ae ae ty ¥ bigs le , — ey ne 


BS 


was identical with the material produced by ozonolysis of oe 


While the conversion of 99 to 100 was accomplished 
in good yield, we wanted to avoid the use of the toxic and 
expensive osmium Letroxide., "Thus alditferent approach ‘to 
the dione was sought. A possible solution would be that of 
attempting sebeCtive ozonolysis of 105. While the double 
Pona that as conjugated to the carbonyl) can undergo ozone 
epeavace, the) CcOnjUSation decreases 2Us mucteopimlicity 
tnussmaking it less susceptible to attack. _ In+1958 Stomp 
and Johnson reported a method whereby selective ozonolysis 
of an isolated double bond could be achieved in the presence 
of an a,f-unsaturated ketone”. lf ‘the ozonolysisyas carraed 
Mitwin whe presence) Of pyridine, a complex between,ozoneyand 
Dot Cine. 1 SwpOYmed.«) Lhosvdecreases sinc elect lropialicuchanac- 
ter of ozone allowing for preferential attack on the more 
mucleophilic double: donde  lnetouns hands showevern snosclean 


eonversi on of 105,10 107 could bev achievedmpy mthas method. 


Since the ketol 104 was available, the possibility 
of cleaving the only double bond present seemed like a feasi- 
ble alternative. We expected that the product obtained would 
dehydrate giving rise to 78(H)-12-noreudesm-4-ene-3,11-dione 
TOTP ihevacety] icarbonyt should preferentially ketalize. 

The non-protected a-8,unsaturated ketone might then be 


methylated to produce 109. 
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The ozonolysis to produce 5-hydroxy-4,78(H)- 
noreudesmane-3,11-dione 106 took place without difficulty. 
A solution of 104 in methylene chloride was treated with 
ozone at -78° until the solution became blue. The mixture 
was warmed and treated with zinc dust and 2% acetic acid 
to obtain 106 as a solid. Recrystallization from skelly B- 


ether afforded the pure compound in high yield. 


Treatment of 106 in refluxing 10% aqueous potassium 
hydroxide led to a complex mixture. However, when a solution 
of 106 in THF containing hydrochloric acid is refluxed under 
nitrogen, dehydration takes place cleanly. Monitoring the 
extent of the reaction by tlc, two compounds of lower polarity 
are formed within minutes. Extended periods of time lead to 
the exclusive formation of only one compound. We assume that 


under the reaction conditions the more stable 7B-acetyl 
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compound is formed. 


When the ozonolysis of 104 was carried out on a 
large scale, a mixture of compounds was obtained which 
e-1orded 106 in low yield. Later we found that Hortmann, 
Martinelli and Wang had already reported the transformation 
pte 04 to 106 and the dehydration of the latter compound to 
meee nese authors’ were able to obtain 106 in high yield 


ana on a large scale~using a slightly different method”. 


When the difficulties were encountered with the 
Cleavage of the exocyclic double bond, a diiferent approach 
to an A-B ring system was attempted. We felt that the use 
joel. 4a-tramethyl-1,35,4,4a,5,6,/-heptahydronaphtalenes2- 
one 111 as the starting material might lead to a more 


flexible route. Scheme 14 depicts the contemplated sequence. 


Scheme 14 


— 
— 

je) 
— 
— 
—_ 
— 
ot 


et 
bowre® af Dm 


' 
V 
; e ih to Lobtiso tow POD to eteylonress ody poll ; 
ri _— i 
, . 


dnraw bowisido 2aw ebaleies lo oarreie & Gy t is 


2 Sa 

amber gets bowed ow tedal .bigiy ol a? aaa 

7 el 

votdmorolens1i ef) berrtoqet vbeotis Sent. gree bie ELE z 

a7 bovoamos. tarsi 9n qoiTetbydeb of3° Fae oer oF = 
‘ < 

Fe 

i” op O01 abstdo of olde w(ow 21g Aneee seedT a 


“hbonited ine Pvt vivigrl® & atien 83408 ogtal s AO) 


m3 £oilw peTotnvas row sitrveiVibh eff seat 
soecrqys ‘taove2?2ib.c: ,firdd) eiduop oi Lovacks of? 3a 


e20 ens Tents F114 »igno7Is 2av eorrve guilt iy: | /' 
, ak a 


L 
7 


“f-anelptrhgenarhy datgod ned, By id, Nigh Sydnee tah Re 7 
. A. : ; 

Srom £ , DES! iff rm if ‘i? Slt “il £ ba | ate ods 26 ’ ie 

* 7 - 


eonsupee botniqnesny? oft etoiqeh tI sueisg ,.ejger s 


a 
al . 

. 

7 

ee 

- 
in 

i ‘ : 

aid 

i 

; q Li . 
5 ; , 
if 7 


78 


The preparation of 111 has been reported by 
several groups?99, Yanagita, Hirakura and Seki report a 
25% yield of 111 from 4a-methy1-3,4,4a,5,6,7,8,-heptahydro- 


100a 


naphtalen-2-one 113 For the synthesis of (+)-thujopsene, 


Dauben and Ashcraft prepared 111 in 77% yield from the same 


100b 


intermediate More recently, Paquette and Meehan 


LOOc 


bepor cede thei synthesis: of9111 A mixture was obtained 


by methylation of 113 from which the pure 111 was obtained 


via the crystalline semicarbazone. No yield is quoted. 


In view of our previous experience, 1,4a-dimethyl- 
3,4,44a,5,6,7,8-heptahydronaphtalen-2-one 110 was chosen as 
the starting point. |This material was prepared from 
“aemecnyleyclohexanone and 1-chloropentan-3-one using the 
same “conditions as. in, the synthesis :0f 3989, Mukherjee and 
Duttathave reported that a clean conversion of LO; to Gls 
can be obtained by treatment with potassium t-amylate and 
methyl iodide (93% yield). Following their method we 
obtaineceal WBPyireld. of mixture of ketones. The desired, li1T 
was the major compound. The purification method used by 
Paquette and Meehan es was not employed. instead, ketaliza- 
tion of the mixture with 2,2-dimethyl-1,3-propanediol was 
carried out. Using anvexcess of the alcohol complete, ketali- 
zation could not be effected. Treatment of the mixture with 


lithium aluminum hydride and chromatographic separation 


afforded the ketal of 111 as a crystalline compound, free of 
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over-methylated material. We had expected that the more 
sterically hindered ketones present in the mixture would 
fail to undergo ketal formation. Also we felt that their 
Separation from the desired compound might be facilitated 
by their conversion to alcohols. While the yield of 114 
through this sequence was only 40%, the method provided 


Mie; prot ected! ketone im ithei.pure form. 


mixture 4 


At. this’ poant, the) investigation of they A-Ceapproach 
described previously seemed the more promising and’ the A-3 


approach has not been, carried beyond this point. 
Diels-Alder Approach 


The Diels-Alder approach to the cyathin skeleton 
was given only cursory attention. It was found that 4-cyclo 
pentene-1,3-dione condenses with 1-vinylcyclohept-l-ene, 
prepared by addition of vinyllithium to cycoheptanone fol 
lowed by dehydration, to give an adduct with Properties con- 
Sistent with structure l1l5. The nmr (DMSO-d >) shows a broad 


absorption at 6 5.38 (vinyl proton) and a complex Signal 
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POnmourer o 80: Oo (Lheirimantecrataon ratio asm. The 
Preeckor), shows a broadband pat 434:2 0 cn’) (enol) and a sharp 
band at 1590 cm} (carbonyl). A hrgh® resolution masse spec- 
PeuegiVves aapanentspéeakseconsistent with Cy Hy 99 (called. 
Pope Lol 502 stound sc Ls 1314 )4y ithe sadduct. highly einsoluble 
in most solvents, gives a weakly positive ferric chloride 


Pectin pyridine-chiloroform. 


On 


"5 


This approach has not been further exploited. 
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CONCLUSIONS 


The results obtained in ‘our,studyvor the. 4-6 
approach point out its potential use in the synthesis of 


ene cyathins. 


im light of our findings, the wine € precursor 
to be used in the cyclization step whould probably be limited 
to those not containing a double bond. This suggestion is 
Based on the finding that, substrates 82 and 89) failed to 


cyclize. 


Our initial tareet, precursor 40"is7stillean 
Betractive: Opyective. | The methyl croup present. petween tne 
Sanvenyis would avoid extensive enolizatiom. thus) 12cili- 
tating cyciazation: = FUrthermore>* i tswoutdtavyoidm ther problem 
of selective introduction at a later’ stage in the synthesis. 
mmocherT-attrartive feature ot” the pr ech sere. Ueusechate Lhe 
methyl group would likely direct the mode of cyclization to 
one?.or the’ flanking” carbonyl's+*" The* sterie? courses or the 
aldo cyclization nas’ been? studled* bye Spencer .sSchmiegeds and 
Williamson???, These authors found that 2-acetoxy-2- 
(3-oxobutyl)-cyclohexane-1,3-dione 116 cyclizes to produce 
cis-9-acetoxy-10-hydroxydecalin-1,6-dione lide Mebatver 

LO 


Spencer, Niel, Ward and Williamson reported that 2-methyi- 


2- (3-oxobutyl)-cyclohexane-1,3-dione LISS e1ves ise to 
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82 
cis-9-hydroxy-10-methyldecalin-2,5-dione 119. These authors 
conclude that steric interference of the substituents in the 


2-position directs the approach of the side chain from the 


opposite side. 


R rR O 
‘ : 
0 6) 0 
OH 
116) =~R= OAc 117: 2 RiesO Ac 
H8ne Ra Me 19 R=Me 


| 


If we make the reasonable assumption that confor- 
mations 40a and 40b are preferred conformations for 40, it 
can be said a priori that conformation 40a, which places the 
methyl group in the cyclopentanone away from the reaction 
site, will be the preferred conformation for aldolization. 
The same argument applies if the side chain is in an axial 
position. Cyclization of 40a would give rise to a ketol 
having the methyl groups at the ring junctions in a trans 


disposition, the desired stereochemistry. 


104 


Birch, Smith and=Ihornton have reported the 


alkylation of the potassium salt of 1,5-dimethoxycyclohexa- 
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H3 CHs3 


CH; 
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WeA-aiené with alkyli halides. This salt) has’ been used: by 
Nelson and Tamura??? rn Che synthesis of aza-steroidas. ) Tt 
might be useful in the synthesis of the cyathins to obtain 
farger quantities of 3-methyl=3-[2-(2,6-dioxocyclohexy]) - 
ethyl]cyclopentanone 82. This material might then be 
alkylated ‘or cyclized to a suitable intermediate. “The use 
Of71,>-dimethoxy-oO-methylcyclohexan-134-drene. ts not possi- 
ble since Birch and co-workers report that this compound is 
not Surficiently. acidic 'to\form a salte wihis propren mics 
be circumvented by the use of an electron-withdrawing sub- 
stituent such as carboxyl or amide insteadsot the methy! 


eroup. ) The group -could then be modified tomammethy! group. 


The A=B ring approach strhierequires further 


exploration to, determine its utility.  Pheetact, vhowever, 
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MeO 


Me OMe 


that a methyl group will have to be introduced _ stereo- 
selectively, might prove.difficult. In this sense.the,.A-C 
appnoachymay .prove;.to.be.a more,viable.alternative.to the 


cyathane skeleton. 
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EXPERIMENTAL 


Melting points were determined on a Fischer-Johns 
Gr Le1tz-Wetzlar hot-stage melting point apparatus and are 


imeorrected. 


Microanalyses were performed by the Microanalytical 


Laboratory of this department. 


Infrared spectra were recorded on a Perkin-Elmer 
Model 337 grating infrared spectrophotometer, a Unicam SP1000 
grating infrared ‘spectrophotometer, or a’ Perkin-Elmer Model 


421 dual grating infrared spectrophotometer. 


Nuclear magnetic resonance spectra were measured 
using a Varian Associates Model A-60 spectrometer or a Varian 
Model HR-100 spectrometer with tetramethylsilane as internal 
standard. Deuterium exchangeable protons are noted in text 


as D,0. 


Mass *spectra®were recorded on an-A-E. J. Model MS-9 
mass spectrometer or an A.E.I. Model GC/MS mass spectrometer 


with a WB separator. 


Chemical vonization spectra were recorded on, an 
A.E.I. Model MS-12 mass spectrometer with a chemical ion- 


ization source and ammonia as internal standard. 
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Preparation of a, '-dicyano-f-methyl-8- (ethoxycarbonylethyl) 


glutarimide 45 


Absolute ethanol (500 ml) was saturated with ammo- 
nia by bubbling the gas for two hours through the magnetically 


stirred, cooled (ice-water bath) solvent. 


To the ammonia-saturated alcohol, an ice-cold mix- 
ture or ethyl (eeiMaess (1.6055 -o". 2 S snowies) mand 
Presily distalled ethyl cyanoacetate (314 ¢,..2..78 moles) was 
added in one portion. The passage of ammonia was continued 
fore cO minue@es after the addition. The redjetichtly (stoppered 
Pe urtouwas left inthe freezer for Lourjvdays lhe wesulting 
Solid mass, was filtered to give 290 g of a pink-coloured 
solid. This material was dissolved in warm water (400 ml). 
The solution was acidified by careful addition, with cooling, 
of concentrated HCl. The oil which separated, soon solidified 


and was collected (180 g). A second crop of 15 g was obtained 


after cooling the mother liquor (56.5% combined yield), 
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é C-NH dysolvent js, wAebo : 
mue(ed,0b)- 6a 4.7.0 ssanZNCCHaie® andi solvent) (q 


2, COOCH,CH,), 1.56 - 1.12 (m, 6, CH; and COOCH,CH,). 
Mass. Spectrum. 2 Mie. i210 (2) 9251 Zaye 17,.6,(12) ce 153541. 49% 
122(15).. S4(10),,<68(15)59 67 (139, 45(50)5 44089)54 400 100)8 
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3-Methyl-3-carboxymethyladipic acid 46 


eS 


Aisfurry of a,0'-dicyano-§-methyl-8 (ethoxy- 
carbonylethyl)glutarimide (120 g) in concentrated HCl (150 
ml), was slowly heated to reflux. The solid dissolved with 
Some gas evolution before reflux began. Refluxing was con- 
tinued for four days and then hydrochloric acid (approxima- 
tely 100 ml) was pene by distillation... The resulting 
brown slurry was dissolved in water (800 ml) and continuously 
extracted for 48 hours with ether. After the ether was 
removed, 94 g (99%) of the triacid was obtained, mp 142 - 


29 


16. U(4at mp 149°). The acid was used in the next step 


without further purification. 


Dimethyl 3-methyl-3-methoxycarbonylmethyladipate 47 


The acid resin Rexyn 101(H) R-204 was oven-dried 
eT2 0°) fox La nous prior to use. The calcium sulphate 
(Drierite) was pulverized and oven-dried (200°) for 14 hours 


before use. 


Towa solution of -3-methyl-3-cayboxymethyladipic 
acid 22.40) in ,absolute methanol, (250 mil) alms cure .o& 
calcium sulphate (42 g) and acid resin (18 g) was added. 
The slurry was mechanically stirred for four days, then 
vacuum-filtered on celite. The filter cake was stirred in 
ether, (300 ml), for thirty minutes and filtered.  Aiter 


removal of the solvent from the combined methanol and ether 
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extracts, a dark brown oil remained. The oil was distilled 
at reduced pressure to give 85% yield of the title compound, 

20 
D iy. 4.5.1.6,, 


(C=O). 


Deus 551535/ mm aon 
, =A 
eh(ee1 1740 cm 
BP accpew,,) ' bots GS, 48. COOCH,), DAC aA. CH,COO), 
2a 4 e- 2,18. (im, «Z., CH,CH,COO) , ZO oa le Oe al ties 2.5 CH,CH,COO), 
La ER CH). 

Sess ssnectrum:, m/e, .21.9(M ..41, 12), 187:(21).09 155100 by, 

et ON ek 27 (SA) wl 2 5eh 5 esagl LSC 1) eel 09.01 0p) Ob CL wee Say). 
Deere 59154) 5 55024), 43t 17), 42-028). 29 Ci 25% 

Poale Calcd.) for C1 HQ: Cy ODOT TE Ea ee OUR Ge 


eso 2s He? e2. 


A somewhat better yield (90 - 95%) is obtained if 
the triester is percolated through alumina (ratio alumina: 
mroestey, 5:1 ).on elit ion witheokel) yb. at fords 4/5 dn 


excellent. puri ty . 


Methyl 4-methoxycarbonyl-1l-methyl-3-oxocyclopentane 


acetate 48 


Xylene (200 ml) was distilled from sodium into an 
oven-dried one liter 3-neck round bottom flask. The flask 
was fitted with a magnetic bar, dropping funnel, reflux 
condenser and a gas inlet-outlet connected to a mercury 
bubbler. A dry nitrogen atmosphere was maintained through- 


out the reaction. To the xylene, sodium (2.73 g) was added 
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and the solvent heated until the metal melted. Vigorous 
stirring dispersed the’ sodium into small pellets. To the 
Slurry, dimethyl 3-methyl-3-methoxycarbonylmethyladipate 
(26 g, 0.1 mole) dissolved in approximately the same volume 
of xylene, was added in one portion followed by addition of 
0.5 ml of absolute methanol dissolved in 10 ml of xylene. 

A vigorous reaction ensued and heating was discontinued. 
once the exothermic reaction subsided (usually. 10 - 20 


minutes) the yellow solution was refluxed for four hours. 


The reaction was cooled and concentrated HCl (15 ml) 
was «slowly<,added: followed by, 20.ml of,,water.. After . ten 
minutes of stirring, granulated salt was added until the 
aqueous layer was saturated. The organic layer was decanted 
and the aqueous-salt paste rinsed with benzene (3 x 30 ml). 
The benzene washings were added to the xylene and the sol- 
vent removed. A yellow oil (19 g, 84%) was obtained. An 
analytical sample was obtained after bulb to bulb distilla- 
tion 180°/0.1 mm nn 1.4679. 

Pitcos 2930, 1740 with inflexion at 1750 cm? (ester 

and ketone). 

nmr: deed e751 and 3. 70 SEZs’, 6 5 2COOCHz), SAS Gee a: 
O=C-CH-C=0), 2.6 - 2.14 (m, 6, 3CH,), 1. Saanich. 5 

G25 343, CHz). 

mass ‘spectrum: m/e 228(7), 197 (27) 3 01558 )y eisai soe, 
PAT ets (100). 122 (80) 142s eo Tl ceeeys 87(38), 
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1-Methyl-3-oxocyclopentaneacetic acid 49 


The crude methyl 4-methoxycarbonyl-1-methyl-3- 
oxocyclopentaneacetate GLO. ¢) Was ret lused tin U4 eHe. 
For 24 hours. . The eotni ten was cooled and separated from 
a dark oil floating on the surface. The aqueous phase was 
then saturated with NaCl and extracted with ether (10 x 50 
ml). After the ethereal extracts were washed (brine) and 
dried (MgSO, ) and the solvent was removed, the title com- 
pound was obtained as a thick yellow oil (14.2 g, 91%). 
The acid thus obtained was sufficiently clean to be used 
without further purification. An analytical sample was 


prepared by bulb to bulb distillation 170°/0.05 mm 
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D 1.4705: 
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mCCIa) 3100: - 5000720600; = 25000 (Uroad  Olgort ogee 
2960, 1755 (ketone), 1720(COOH), 1415, 1265, 1160.cm~. 
OMe ont. 5 55,0 COOH), 2.02 0S aes CH,COO) , [OMe cA 

Oe sOnmeaneaprotoiis), 1.20a(S5\ 2), CH). 

Massespectrum: * mje I56(7),. 99(12) 5097 (hU0 cous Opava 
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Methyl 1-methyl-3-oxocyclopentaneacetate 49a 


A solution of 1-methyl-3-oxocyclopentaneacetic 
acid (32 ¢) in methanol (370 ml), was stirred together with 
Rexyn 101(H) R-204 (23 g, oven-dried 120°, 12 hours) and 
calcium sulphate (52 g, oven-dried 20003, LZ nouns ji DAECEeT 
Eerece cays Of Stirring ‘the slurry was filteredsand the solid 
was washed repeatedly with methanol until no more colour 
could be observed in the washings. The solvent was removed 
under vacuum to leave 35.6 g of a brown oil. Percolation 
through a silica gel G column (200 g) using ether as eluent 
gaverauclear Jiguid) (50 4.9, 87%) corresponding” towthertitle 
compound. 
ATi guid film): 1745 cm + (ester and ketone). 
BrMce Ors. 09S. 3, COOCH,), DG See lae CH,COO) , ST SBS Sa aeee 
(m5..65) ring CH,), ion uae Rout ge ee CH). 
Semicarbazone mp 168 - iO 
mass spectrum: m/e 227(7), 166-608) soa 54 C00) eal See 
DPE 59) 110(59)),. LUO CLS) DOS C2) Garo SEOs (aire oe oes 
PIA ee sls ii, 79050), PhCLOl, OS (LZ) 10s (een n 
54(14), 44(90), 41(80). | 
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Methyl 1-methyl-3-oxocyclopentaneacetate ethyTencrace tales @ 
re ee i Se eae eee ee ees 


To a solution of methyl 1-methyl-3-oxocyclopentane- 
acetate (21.9 g, 0.126 moles) in benzene (600 ml), ethylene 
glycol (9.3 g, 0.15 moles) and p-toluenesulphonic acid were 
added. The mixture was refluxed and water azeotropically 
removed (Dean -Starks trap) afor.1 2a hours .«;fhe cooledisolution 
was diluted with benzene (400 ml) and washed with water (50 
ml) and brine (50 ml). The dried (MgSO, ) solvent was evap- 
Orated to obtain theytatle compound) (2645 g,° 98¢)tasaa 
colourless oil. The compound was);used in the following 


reaction without purification. An analytical sample was 


20 
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(1,3-dioxoOlane). 


obtained by bulb to bulb distillation 160°/0.1 mm n b 46233 


: : -] -] 
brea veil uli 1745 cm (ester), 940 cm 
mamcereo 69S, BACs, 44 OCH,CH,0), 3.625 (Seuss COOCH,), 266 


(paz), Ch, COOCH Og ( 221, “gde4o(nsa Os prings CHBIS sledea(s 6 3,)CH,). 
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mass spectrum:.-m/e i214(2), 185(20)9.141(41)4, 113445). 
ROOK Wee OO (10098. 9:7:(32) . 86 621):; (69025) SoC ee aoa 5), 
Bee 20 a4 5 (29). 42050), 41055), 59 (oo) 

Anal cadcd,....£02 C51 904: ORIN CA RL OG) 2 PHI Seer ir Fhe BON Ve Ky as 
Geel CO 619s: S272), 0.49. 
7-Methyl-1,4-dioxaspiro[4.4]nonane-7-ethanol 51 
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The ester reduction was carried out under a nitrogen 


atmosphere. To a solution of methyl) 1 -methy1-3-oxocyclo-r 


pentaneacetate ethylene acetal (24.9 gaan dryjwnethe rie 00eml1):, 
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93 
a 1M solution of lithium aluminum hydride (180 ml) was added 


dropwise (30 minutes) with cooling (ice-water bath)4euwAtter 
the addition was complete, the mixture was left for three 
hours at room temperature. The reaction was worked-up by 
the successive dropwise addition of water (8 ml), 15% NaOH 
(8 ml) and water (15 ml). The white granular solid which 
separated was filtered and rinsed with ether. The dried 


(brine, MgSO, ) ethereal solution gave the title compound 


19.44 g (90%) as a clear liquid n)*° 1.4759. 
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s4000cma* (adcohodjq 040pem -eudioxodancis 


*¥ (liquid film)’ 


nmitew Ooms -8/itsy14, sch CH,O), Seg lty 2 J=7Hz, CH,0H), 2.42 


Z 
frocd)s, 1,00H)8) 222 aerdmsd lime iS, )methylenes)2\ lsOSedsie 5, 
CH). 
mass spectrum: m/e 186.1257 calcd for C,H, .0,; 15051 250% 
meso. dib7(77), 144(74), 127(17); 113054), 100 (41). 99/100), 
Gita hen. 8 616) 2.669013) , 65S (G04 3 (24), 41032), 28033). 
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7-Methyl-7(2-tosyloxyethyl)-1,4-dioxaspiro[4.4]nonane 52 


To a solution of 7-methyl-1,4-dioxaspiro[4.4]nonane- 
wm ethandhiuG@le.86 ‘eye LO)anmo les) fin deb-anl od) diye pyridine, Gdise 
tilled from BaO), p-toluenesulphony1l chloride 2:28 4o.,.32 
mmoles) was added with shaking to dissolve the solid. The 
solution was left in the fridge for 16 hours. After filtering 


the resulting solid the filtrate was added to water (60 ml) 
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era starred (1S¢minutes).” 4 The aqueous solution was extracted 
with ether (4 x 20 ml) and the ethereal extracts were washed 
with water (20 ml) and brine (20 ml). A thick oil was 
obtained after drying (MgSO, ) and removing the ether (at room 
eemperature,under vacuum)’.”’ A solution of the: oil’ in 
Skelly B (200 ml) was treated with charcoal. It was then 
filtered and slowly cooled to -78° (dry"1ce"acetonespath)", 
The 011 that separated was rinsed twice with Skelly B at 
a7s? t6 yicrata. colourless” ond (340) 9, #8874 nye. TPesZzize 
ite anid film): 1600 cm} (aromatic* ring) ,” 43604 «1186*and 
priseem * easy 1) 465.7 aie (aromatic. rane 
nieeewos F2Od"(dte2. aromatte ring })- 7.35. (d, 2,. aromatic 
Peels a(t) 2) CH 


OTos), 3.805 ( 55545 OCH ACH CO) mds 


2 Z 
eo, aromatic CH), Cale Sn oe ke Oo OL CH, ) i oar 
Cs-/35H, CH). 
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Chemical aonization: 358 9 (M +NH, Dee 


7-Methy1-7- (2- iodoethy1)-1,4-dioxaspiro[4.4]nonane 53 


A solution iof ‘the-tosy latewoZe (Sea veel samo les) 
InsO0omileotidry acetone (KMn0,-K,CO, distilled), was heated 
to reflux with sodium iodide (4.5 g, 30 mmoles) for three and 
auhalt hours. The soiid was filtered and-Ches fii) ¢tratesevap- 
orated in vacuo. The semi-solid left was partitioned bet- 
ween ether (50 ml) and water (20 ml). The layers were 
separated and the ethereal layer was washed with 10% sodium 


thiosulphate (15 ml), water (15 ml) and brine (15 ml). 
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95 
Removal of the dried (MgSO, ) ether gave the crude iodide 
(4.178 g, 94%). The liquid could not be purified Dygdas- 
tillation owing to extensive decomposition. Treatment with 
20 
D leo205, 


20 ope 28 0 els 0ge Ibe WoO wat Samos 


charcoal afforded a colourless liquid n 
eda igh fim): 
cm “1 (1,3-dioxolane). 

ieee 6 Shh aS, 45 OCH,CH,0), Peto emesis? WALL Gilley en CH,I), 
wo oe es Oc (mh, o.! Testaor methylenes).y 1.00/53. CH). 
mass spectrum: m/e (M -109), 187(23), 155(100), 141(50), 
Poo) 25.022.) ,. L13(22),' 109120), 95630) S85 (590) 67 (24). 
Dota c). so (50). 


Chemical ionization: (M"+NH,”), alae 


Methyl 2,8,8-trimethyl-6,10-dioxaspiro[4.5]decane-2-acetate 


Se) 


A solution of methyl 1l-methy1-3-oxocyclopentane- 
acetate (17 g, 0.1 moles), 2,2-dimethy1-1,3-propanediol 
(11.44*¢, 0.11 moles) and p-toluenesulphonic acid (200 mg) 
in benzene (300 ml), was heated under reflux with azeotropic 
Temoval of Water tor 12 hours. “The solvent was, removed 
under vacuum and the yellow liquid was rapidly percolated 
through an alumina column (100 g, BDH) using Skelly B as 
eluent. The first 10 fractions (60 ml each) were combined 
fo leave a colourless. liquid (22 g,°8/2) after ,removalsor 
the solvent. An analytical sample was secured by bulb to 


| 20 
bulb distillation, 180°/0.1 mm np 1.4604. 
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it (iquid film)" 1745 ben (ester). 
mans ~o 3.65) €s / .3.; COOCH,), S145, (S 8.44 OCH,CH,0O), ZIG 
Gs. 3 23 CH,COOCH,), 2.38 - 1.40 (m, 8, rest of methylenes), 
maz 00... 97 Pan deO: b92 eG35si, .9} 3CH,). 
mao spectrums m/e 5256 (2), 122711); 1182¢22) , 1955022), 
PSACEL),) 1410 (98), .PSIC12),).97 (41), 169 C100), .S6(18)) .S5044) 3 
FOALON) .. 241. 077).. 
moe Caled. for C., HH. ,0 


t4 24° 4 
oS .25, 65.7839, 9.33, 9.36. 


GC, 65.605 hy Saete ys Pound: 


2-(2,2-dipheny1-2-hydroxyethyl) -2,8,8-trimethyl-6,10- 


dioxaspiro[4.5]decane 60 


To a magnetically stirred solution of the acetal 
soso izing, 2animoles)udissolvednin dry tether €3 ml), seaphenyl- 
lithium benzene-ether solution (2.3M, 1.9 ml) was added drop- 
wise with cooling (ice-water bath). After addition was com- 
plete (15 minutes), the mixture was stirred for three hours 
at room temperature. Saturated aqueous ammonium chloride 
solution (20 ml) was added and the layers separated. The 
aqueous layer was extracted with ether (3 x 10 ml) and the 
ethereal extracts were combined and washed with saturated 
NaHCO, (15 ml) and water (15 ml). The solvent was evaporated 
after drying (MgSO, ) to yield 680 mg (89%) of a colourless 
thick oil that solidified on scratching. Recrystallization 


from Skelly B gave a white solid mp O55-¥S6y. 
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: -1 
eva S430¢ (OH AM 68358 lent fc {phenyl 
PES ELOl7t O03y-1 72129 (ing 10, 2C Hs), 4.44 (s, 4, OCH,CH,0), 


5.1 (broad s, 1, OH), 2.56 (s, 2, CH,CHPh,), 2.35 - 1.10 


2 
(m5; O,o ring methylenes)j00)98"(5,(3, CH), OVOBys, 6% 2CHz). 
Mossespectrum:, m/é 380(2) 9198 (44)92184(73) 4109 (22); 
poe). 928 (34) 9112031); 105(91), 97(37), 77057), 69091). 
mO62695e55(67), 41€79)2 

Shaii2€Calediifor C,cH,,0,: Cp) 78R913UH? 8 o48ee) Pound: 

Wee 5 }OO58Hi 48.39. 


2500 -!rimethyl-6,10-dioxaspiro|4.5]decane-2-acetic acid 61. 


Avmixture: of l-methyl.5-oxocyclopentancacetic acid 
ovr e020 MOLES) «2, 2-damethy |=, S-propatediol (2ies.o. 
0.21 moles) and p-toluenesulphonic acid (100 mg) in benzene 
(300 mI), was rerluxed with azeotropic removal of water for 
14 hours. After removal of the solvent, the residue was dis- 
solved in ether (200 ml) and the ethereal solution was 
extracted with saturated NaHCO, Ca) x7 LOO ML. Lee CO Lda Ske 
extrace was acidified with ACOH. «lhe, clearvorl thateceparaced 
after acidification was removed, and the aqueous layer was 
Qextroctcdwithsether (2 x 50 mij. Inhe@o1lvand eciered: 
extracts were combined and washed with water (20 ml) and 
Brine (20 ml); “On removal of the dried (MgSO, ) solvent, a 
thick clear O11 was ‘obtained (219 ¢, 45%); the oil solidifies 
on standing in the fridge. The acid is very soluble in most 


organic solvents. It can be recrystallized from Skelly B 
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with low recovery. An analytical sample was obtained by 
substillation 180°/0.05 mm mp 50 - 51°, 


h 


1710 “em ** “€COOH)" 


ir : 
(CC1,) 


nmr: 6 10.25 (s, 1, COOH), 3.5 (s, 4, OCH,CCH,0), 2.4 


Zz 
ts? 2: CH,COO) , Coe) Leo eis 40, ring mMethylenes).. 1610. 
meoeaina 0.94 "(35 209, 3CH,). 

Besos spectrum: “m/e 247 (b) S°1S3 (21) 7 255 617) 39P4) (869 5 
moari2y™*85(12)" 81 683) 9471 (11) 9% 69 C100), 156692) , Fagus?) 
So), soCh4)y; 


Peateecalcd...tor C..H..0 CG; 64.442. Hh, 9715." (Pound: 


13422 4° 
Ea 04-56; 64 402 Ht OTs S909" 


2,0,0-lrimethy]-6,10-dioxaspiro[4.5]decane-2-ethanol 63 


A 1M solution of LiAlH, (90 ml) was added drop- 
wise with stirring and’ cooling’ (ice-water bath)” to’methyl 
2,8,8-trimethyl-6,10-dioxaspiro[4.5]decane-2-acetate 
(12.8 g). A nitrogen atmosphere was maintained during the 
reaction. ~The mixture’ was’ stirred* at’ room*temperaturey for 
three’ hours after*addition* was complete? (20¥mljye Arter 
quenching the reaction by consecutive addition of water (4 ml), 
15%" NaOH (4°¢m1)* and water (6°m1)4* the@ granular solad? produced 
was removed and rinsed with ether. The ethereal solution was 
washed (brine) and dried (MgSO,). The title alcohol was 
obtained, after evaporation of the ether as a clear oil 
(10.6 g, 93%). It was used as such for subsequent transfor- 
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mations. An analytical sample was prepared by bulb to bulb 
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distillation T7OeOrt mm n 


ait 


3400 cm (OH). 


"(liquid film): 
Pere 5.75 (t, 25 J=7.5 Hz, CH,OH), 3.52 (ode OCH, CH, 0), 

peo bvoad ss, 1,°0H),; 1.33 - 2.23 (my 85 restof CH), 5 LA Oi) 
noras CH), Oma CS.6 16%, 2CH,). 
ee peciauin i iee 22301). 1 8517 )e 5 of Lode dole coe 
Pees O10 (24) SOK 18), 255142).,+ 43 (liens dd (6302 
Anal. Caled. for C1 3H, ,0;: C5 (08.585) He lO. SO. rome 
Ceeoc. 19> H. 10:69: 


DCC-DMSO oxidation of 2,8,8-trimethyl-6,10-dioxaspiro[4.5] 


decane-2-ethanol 63 


Fosthe titlesalcohol (250 mg) dissolved inedry 
DMSO (1 ml), a solution of dicyclohexylcarbodiimide (500 mg) 
in benzene (2 ml) was added, followed by the addition of 
225M anhydrous. phosphoric acad:insDMSOs (0.05 mi )e. Afiter 
13 hoursczof,stirring at,.roomy temperature ethessolution. was 
poured into Skelly B (30 ml) containing oxalic acid (252 mg) 
ando methanol. .(3 ml), andistirred briskiyv (30 smnuces i alc 
was then neutralized by adding saturated NaHCO, (PO mij eine 
resulting dicyclohexylurea was filtered.and the layers.of.the 
filtrate were separated. After the organic layer was washed 


with NaHCOs. (Seml),.water. Gexroaml) ands Dimines loam) 


3 
was dried (MgSO, ) and the solvent was removed under vacuum. 


The yellow oil obtained (240 mg) was percolated through 


alumina (5 g BDH). The aldehyde (226 mg, 92%) obtained by 
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this method was always somewhat impure and could not be 
Perified Satisfactorily. 


=] 
i (liquid qubi 22 0eandeel LZ Sem (aldehyde). 


2-Nitroresorcinol 


Resorcinol was converted into 2-nitroresorcinol in 
20 yield by the method of Carpenter, Easter, and Wood?® 


Meese 84°. (it. mp 84°), 
2-Nitroresorcinol dimethyl ether 


2-Nitroresorcinol was converted to the title com- 
pound in 76% yield as described by Kaufmann and Franck?’ 


Poets 0 (lit. mp. 1300). 


Z2,0-Dimethoxyaniline 


The aniline was obtained in 83% yield by reduction 
Or 2-nitroresorcino! dimethyl ether with Sn-HGl fas sdescrpped 


by Kaufmann and Franck”! Ripa Ge 73. 6), Achat emp eae daa)e 


2,6-Dimethoxyiodobenzene 


The. aniline’ obtained in, the previous step was trans- 
formed to the diazonium salt by treatment with isoamyl nitrite- 


H.SO, in 98% ethanol. The diazonium salt obtained was con- 


254 
verted to the title compound by heating in an aqueous sodium 


iodide solution. A yield of 58% was obtained in the trans- 


ben Oh 0 
formation mp 102 - 0 eter bate. 1038 )4 
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2,6-Dimethoxyiodobenzene 


Lithium metal (2.3 g, 0.33 moles) and ether (150 
ml) was placed in an oven-dried 500 ml 3-neck round bottom 
flask, fitted with a reflux condenser, dropping funnel and 
glass-covered magnetic bar. An atmosphere of nitrogen was 
maintained throughout the reaction. A solution of dry bromo- 
benzene (47.1 ¢, 0.3°- moles) in ether (100 ml) was slowly 
added. An exothermic reaction ensued and the rate of addi- 
tion was adjusted so as to maintain a gentle reflux (one 
hour). -The mixture was refluxed 1.5 hours longer and then 
filtered through an L-shaped tube with a cotton-glass plug, 
into a dry one liter 3-neck flask. To the murky solution, 
1,3-dimethoxybenzene (0.25 moles) was added and the mixture 
left ate room itempenatunen fon 72, hoursac,At this stageslarge 
clear crystals of 2,6-dimethoxylithiobenzene had been formed. 
A solution of iodine (0.25 moles) in ether (300 ml) was added 
dropwise, with stirring at a rate as to maintain reflux (one 
hofra: vither-solut ion: wasi mefl uxedi three shournsj) andidhen 
quenched by addition of water:H,50, (G45,0 ind 32° md eg ¥ The 
layers were separated and the aqueous layer extracted with 
ether (100 ml). The ether extracts were combined and washed 
successively with water (100 ml), 5% sodium thiosulphate 
(2 x 80 ml), water (100 ml) and brine (80 ml). The dried 
(MgSO, ) solvent was removed under vacuum. A crystalline mass 
mixed with a dark oil was obtained. Skelly B was added 


(100 ml) and the crystals filtered. Recrystallization from 
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ethanol yields 50 g (70.5%) of beige-coloured 2,6-dimethoxy- 


59 


iodobenzene_ mp £025 Cit Wisc 


7-Methyl-1,4-dioxaspiro[4.4]nonane-7-acetaldehyde ole 
eee ee ene Te TU ts Be ep ee eae 
Chlorine (1 ml, 1.557 g, 22 mmoles) was condensed 
in a graduated pipet. This was then distilled, under nitro- 
Pens -into-dry CHCl, (P,0.) ait-~45° (CH,CN-dry +ce}-—Tos-this 
eorution;,—a-mixture of DMSO (7 ml) in dry CHoC1. (5S ml), was 
added with vigorous mechanical stirring. The yellow colour 
of chlorine was discharged and a white precipitate formed. 


A solution of 7-methyl1-1,4-dioxaspiro[4.4]nonane-7-ethanol 


(1g, 5.38 mmole) in HS Cie (5 ml) was added in one portion. 


After vigorously stirring the slurry. for 2.5 hours, 
the cooling bath was removed and triethylamine (5.5 ml) 
dissolved in CH,C1. (5 ml) “and Skelly B.(30 ml) was added to 
the warm (room temperature) slurry and then the solid was 
filtered off. A yellow oil that contained DMSO was obtained 
after removal of the solvent. This 011 was dissolved in 
Skelly B (150 ml) and washed with water (5 x 10 ml) and brine 
e207). The dried (MgSO, ) solvent was removed leaving the 
fitie aidehyde {650 mg, 65%) asa cleayiorl aa Fer: a 
‘ct eh ee em (aldchyiene 
Mee 6 6100). (tb, 144 one, CHO), 3688 (Ss. 82 OCH,CH,0), 
2,400. 1, J=3Hz, CH,CHO), 2,14 - 4.47 Gia Cy Pine methivienes) 
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REP badictdry for Ci oHy 693: Cyan. 193 Hoe Ss. 5ee4 Pound: 
en 04.07.,,H, 8.94.. 

Dimethone derivative mp 133 - 134°. 

Maal. Calcd.? for C56 Hz 20,: } 
Pounds ©€,26907720600945.H, 8.61,°8 549! Mw) 446 “ms)t 


€ 09 935" HE’ oss MW 4 doe 


DMSO-C1, oxidation of 2,0,8-trimethyl-6,10-diexaspiro| 425) 


decane-2-ethanol 63 


The method of oxidation described previously using 
DMSO -C1.,, complex and triethylamine was employed on the title 
alcohol (1°24°s3°5*mmolés) using’ the’ same proportions of 
reagents? The’ crude’ product ’'(1.35°g) was’ percolated’ through 
Silica gel M (100 g) packed in a 30 mm inner diameter column 
using Skelly B as solvent. The column was eluted successively 
with Skelly B (250 ml), Skelly B:Et.0, 9575 .0500. mi.)eand 


ekebty(BrEGsO; 1:2°(2000%m1)S°"-Eractions*of"i50 mi were 


2 
collected. Fractions 7 and 8 yield almost pure.67, 410 mg 


(36%). 
-] 
i i 1 tanone). 
lined cabs 1750 cm (cyclopenta ) 
Amrs .§ 426% 554..4398(m; +2, \O2C-CH*CO) Oo. 7Ga- "5 25m 4. 


OCH CCH,0), 255° 227), 59 m4 - 8) 4>metuyrenes) . slo" (Soe. CHz), 


2 
#292. (S37. 35 CH,), Ovo Ustuas CH,). 

mass spectrum: m/e 226.1564 calcd. for C,,H,,0,, 226.1569 
Bese (E0411 4 oy 97 (36) 7 SCO), 69 6b) moet ocean 
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Attempted DIBAL reduction of methyl 2,8,8-trimethy - 
2 eaten a a aa a Re ena censors oo oere tee 
dioxaspiro[4,5]decane-2-acetate eye) 


To a cooled (B70°" dry ice-acetone bath) solution 
of the title compound (1.07 g, 4.18 mmoles) in dry toluene 
(Na-distilled), a solution of diisobutyl aluminum hydride 
(0.8 ml, 4.5 mmoles) in toluene (5 ml), was added dropwise 
under nitrogen, at such a rate as to maintain the temperature 
below -65°. After this addition was completed (20 minutes), 
methanol (2 ml) was added dropwise and the mixture allowed to 
warm to room temperature. The addition of saturated NH, C1 
Pent jerormed a thick eelatin. After addition of ether 
(S0.ml1) the layers were separated and the aqueous layer 
Sxtracted. with ether (2.x 10,ml).. The ethereal extracts 
were combined and washed in turn with water (2 x 20 ml) and 
Deine i20eiis) oe the: dracd (MgSO, ) solvent was removed 


leaving 800 mg of a faintly yellow liquid. 


1 1 


3420 cm, ~) (OH).e27200and 1725 ecmiie (CHO). 


1¥ (liquid film)’ 4 
i beds. ea inflexion of 1725 cm~ (ester). 

Nite Oo OourCSs) ang le loe( Ss) COOCH, and CH, of ester; 
Bee t= 7 ol and be 04 (s) CH. 0H and CH, of alcohol, 


pes Sede = 32.) eandid Lo (s)) CH. CHO and CH, of aldehyde. 


Ratio of aldehyde, alcohol and ester, 5:2:3. 
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2,8,8-Trimethy1-6,10-dioxaspiro[4.5]decane-2-acetaldehyde 64 


eee 


The chromium trioxide used in the oxidation was 
dried overnight in a vacuum desiccator (P,0.). The pyridine 


was refluxed over and distilled from barium oxide. 


Chromium trioxide (6.0 g, 60 mmoles) was added to 
a mechanically stirred solution of pyridine (9.49 g, 120 
mmoles) in dry CH,C1,(P,0,). A deep-orange solution was 
obtained after all of the Cr0, had dissolved (15 minutes). 
Z2,8,8-Trimethyl-6,10-dioxaspiro[4.5]decane-2-ethanol (2.28 g, 
10 mmoles) dissolved in CH,C1, (10 ml) was added in one por- 
tion. A black tarry precipitate separated immediately after 
addition. - After 30 minutes of stirring the mixture was 
decanted and the tarry material washed with ether (3 x 20 ml). 


CH,C1 and ethereal washings were combined and the solvent 


Z 
removed under vacuum. The dark material obtained was taken 
up in ether (300 ml) and the ether was washed with NaHCO, 
Mitticiteno-loneer, hat a Trusty colour. lle ;d1aeq (pa ince 
MgSO, ) solvent was removed to obtain a liquid that contained 


pyridine. The pyridine was removed by adding benzene to the 


mixture and evaporating under vacuum (4 x 10 Mies ltietues 
0 


i 


The colour can be removed by quick percolation through a 


way a slightly green liquid was obtained (1.857 g, 82 


small amount of silica gel. The crude aldehyde however is 


Suiricrently pure to be used WILNOUt LUIChe!) (pUritacation. 
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nmr: 6 9,82 (t, 1, J=3Hz, CHO), 3.5 (s, 4, OCH,CCH,0), 


2 
Pend, 20 J=35Hz., CH,CHO), 2els, “= 4440, TOM eee eae CH,'s), 
oats, 3, CHz), To a Sey 05, 2CHz). 

Dimethone derivative mp jy 

mate Calcd. for C4 Hyg 4% : Cp oi L28 75H GAOS ee MW eh gS 
Fount; 71262; H5.9.27; MW 488 (ms). 


2-[2,6-Dimethoxyphenyl)ethyl]-2,8,8+trimethyl-6,10-dioxaspiro 


[4..>]decane, 65 


The magnesium turnings used for the Grignard 
reaction were surface-cleaned by repeated washings with 10% 
HCl and water, then dried by successive rinsing with ethanol 


and ether. Previous to use they were crushed in a mortar. 


A mixture of 2 }6-dimethoxyiodobenzene (7/1 4ue. 127 
mmoles), magnesium turnings (850 mg, 35 mmoles) and a trace 
Of -rodinein-dry -THR-(150 ml). was, refluxed under nitrogen 
for 90 minutes®%!vToothe!cool (room temperature) solution, 
2,8,8-trimethyl-6,10-dioxaspiro[4.5]decane-2-acetaldehyde 
(5.52 g, 24.4 mmoles) dissolved in THF (10 ml) was added 
dropwise (5 minutes). The reaction mixture was then refluxed 
for 30 minutes. After cooling, saturated NH, C1 was added 
(30 ml) followed by ether (500 ml). The aqueous layer was 
separated and washed with water and brine. A thick oil 
(9.14 g) was obtained after removal of solvent. The 011 was 


placed on an alumina dry column (2" in diameter x 17" length) 
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and eluted with CH,C1,. The column was divided into 10 
portions (1 to 10 from top to bottom), and the fractions 
were eluted with CH,C1.:MeOH, Fract rons )2 %to))7 were 
combined to obtain the alcohol (5.35 g; 55%) as a colour- 
fess ~ very thick oil. 
a eid Cain a SOo0 S(O), 1600 and 1480 (aromatici 776 
and 720 cmt (1,2,3-substituted benzene). 
eo 5 (GO. opera HH) 6.77 (do 'é,ameta HH) iS) 8) Snes 
forodaem, Pbenzylic €H), 3.97 (s, 6, 20CH,) , Soo UO TOgde Mi. 


4, OCH CCH,0), Jute. el Op IN oo. AML Lenes runt 7 Zee Oae 


2 
eo eand- 0.94 (four singlets corresponding to 9H, 4CHz). 
mascmopectrum: m/e 304(5), 183(6), 16906). 1687). 
Beet OO ie AT (Oe eS 7 Cr 128 C6) e sg l2 (8) OT 00 le OG 


Be 56 07) 95.5 01001456) cdl oe 


2-[2“02., 6 Dimethoxyphenyl)ethyl] -2,38,3-trimethyl -610- 


dioxaspiro[4.5]decane 70 


A solution of the benzylic alcohol 65 (470 mg, 
1.3 mmoles) in absolute ethanol (610 mg, 0.8 ml, 7.8 mmol) 
and dry ether (1.5 ml), was added dropwise to 20 ml of 
sodium-distilled ammonia (later experiments showed this 
precaution to be unnecessary). To this solution, sodium 
(200 mg, 8.7 mmoles) cut in small pieces was added during 
10 minutes. After 75 minutes, the reaction was quenched by 
dropwise addition of ethanol. The ammonia was rapidly 


evaporated by warming the solution in a water-bath, 
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the residue was treated with water (40 ml) and worked-up as 
in the previous experiment. The title compound was obtained 
as a thick yellowish oil which solidified while standing in 
the fridge. <A yield of 445 mg (98%) was obtained. The 
yields were lower when the reaction was carried out on a 
larger scale (89 - 95%). An analytical sample was prepared 


by bulb to bulb distillation 200°/0.1 mm mp 37 - 38°. 


I (1,25 9-substituted 


weeo00 Caromatic)., 770, and 715 cm 
Bent ane)s 

Ditpewecn Let (a, 1) -and.6.54,(d, 2) aromatic protonss 4.62 
,CCH,0) , 2.065 (broadim. co 


Penzy ite PFOLONS) 222) > 1.3) (Gn, 8, 4CH,), ea OO and 


forepecocus).gs-94 (s, 4, OCH 


Ueooeenree, 5. 9, 3CH,). 

Hace sspectrum., m/e. 58410), 183057), 15156), 141(44), 
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2,6-Dimethoxy-n-butylbenzene 68 


A solution of 1-(2,6-dimethoxyphenyl1)-1-butanol 
o2 in absolute ethanol (1.6 ml) and ether (4 ml) was added 
in one portion to sodium-distilled ammonia (50 ml). Sodium 
(1 g, 43.5 mmoles) cut in small pieces was added slowly 
(40 minutes). To this solution absolute ethanol was care- 


fully added until the blue colour faded. The ammonia was 
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allowed to evaporate overnight and the white semi-solid left 
was taken up in water (60 ml). The aqueous solution was 
extracted with ether (4 x 20 ml) and the ethereal extracts 
washed in the usual way. The title compound was obtained as 


OL ee. te one” 


Se) 


a, colourless 011. n 15150 . 


D 
ir corresponds to the reported data 
Pee) (G1) and 6.5. (tf; 2) aromatics protons). 5a7/ 
ts. 10, 20CH.), ce Co mtb Goda t,o) iDelavire CH,), i ow 8 nesoraned Uae 


fie, CH, CH Gide 
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Catalytic reduction of 2-methylresorcinol to 2-methyl-1,3- 


cyclohexanedione. 


MSolutdonsofiyz-methyimaesorcindl (622.y91,..0:. 05; moles) 
in aqueous sodium hydroxide (2.2 g, 0.055 moles) was hydro- 
genated in a Parr hydrogenator at 50 psi: for 1/7 hours using 
(iw iwOta on GhodLuMnpaluMindsasuche catalyst. sine ls lurry was 
Paeered7and COO Led Edie Concentrated HCl was added until 
thessolution was, acidic Gph. li). the solid that formed was 
frltered. air dried. (20 minutes) and Yecrystallazed ft xvom795% 
EtOH (25 ml). The yellowish solid that was obtained (3.95 g, 
64%) mp 204 - 206° proved to: be identical sim. nmi tle with 
a sample prepared by methylation of 1,3-cyclohexanedione. 


1-(2,6-Dimethoxypheny1)-2-butene 


The title compound was prepared by the method of 


Boltze, Dell and ares in 40% yield (68% based on 
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recovered starting material) bp 76 - 8007053 (Et Dp. W06u. 


108.5°/2 mm) np“? 1,5314 (lit, me 


jieetits described) spectra, 


Bima 


peo te (Gy bt) and) 6.52 (d, 2) aromatic protons, 
Perot 2 C#CH) 3.8. (S, 06, 2 OCH), Dy on (Nh, ae ArCH, 
Cre Gry S941 157° (SiS , CH,)- 


Catalytic reduction of 1-(2,6-dimethoxyphenyl1) -2-butene 


AeSLurry vor the title compound (19> o)¢and 5% 
palladium on charcoal catalyst (500 mg) was hydrogenated 
in a Parr hydrogenator at 50 psi for 30 minutes. The slurry 
was filtered and the solvent was removed to give a quantita- 
fave yield of 2,6-dimethoxy-n-butylbenzene, identical sir 


NMr, tic) with a sample previously prepared. 


Attempted Birch reduction of 2,6-dimethoxy-n-butylbenzene 68 


A solution of the title compound (1.94 g) in dry 
THE 45 aml) and tert-butyl alcohol (5 ml) was added to ammonia 
(distilled over sodium, 50 ml). Lithium metal (300 mg) was 
added in small pieces (10 minutes) and the mixture stirred 
under reflux for five hours. The reaction was quenched by 
addition of tert-butyl alcohol. The ammonia was evaporated 
(water bath) and the residue worked-up in the usual way. 
The liquid obtained (1,85 g) was a mixture of starting mate- 


rial and dihydroaromatic compound 6/4. 
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Attempted modified Birch reduction of Z2,6-dimethoxy-n- 


butylbenzene 68 


Lithium metal (100 mg) was added to a mixture of 
the aromatic compound 68 in tert-butyl alcohol (1.4 ml) and 
n-propylamine (10 ml) and the slurry stirred at room tempera- 
eure (4 %hours). Additional lithium ;(100 mg)e and> tert-butyl 
alcohol (1.4 ml) were added and the stirring was continued 
Pores ive hours. After removal of the solvent the resudue 
Was parcitronea Detween Ether and water. “Ihe ethereal por- 
tion was dried (MgSO, ) ang cne vSOlVvent removed to save, 590 
mg of a 65:35 mixture of starting material and dihydroaroma- 
ere, compound. ts i, ad nmr were sililar COmtenose reponted 


previously. 


A-N-Butyiresorcinol 74 


A mixture of 2,6-dimethoxy-n-butylbenzene (500 mg), 
glacial acetic acid, (3° ml)..and 48% HBr 7 (5 mb) mwasererluxed 
for eight hours under nitrogen. The mixture was diluted with 
water (30 ml) and extracted with ether (4 x 10 ml). The 


ethereal extracts were washed with saturated NaHCO, CZ. xX sO 
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ml), water (10 ml) and brine, An orange semi-solid (250 mg) 
was obtained after removal of the solvent. This material 


was chromatographed on alumina (7 g) to obtain 180 mg (42%) 
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of 2-n-butylresorcinol NDad 9%. 80 (1g. mp Sa ye 

: -] , 

meceHCLs)° 3580, (OH), 1500.cm (aromatic): 

Bieeemole b2.-46.5-%9.,414 AGH) ,. 6 55h - Os 5nt, 2, ATH 644.93 
Sets nUll) «24 8¢eu24 52 (broad. ti,.2, ArCH.,), 1275 eeO Sekine 
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Treatment of 2,6-dimethoxy-n-butylbenzene with methylmagnesium 


10dide 


The.ether,,(500.mg,-226,mmoles) wasimixed with 3 ml 
of a 3M solution of methylmagnesium iodide in ether. The 
solvent was removed by maintaining the mixture at 70°/2mm 
for one hour. The vacuum was removed and the mixture flushed 
with nitrogen. The nitrogen atmosphere was maintained while 
the mixture was immersed and kept for seven hours in an oil 
bath at 180°. The reaction mixture was cooled and EtOAc 
(1 ml) added followed by 30 ml of saturated NH, C1. The 
aqeuous mixture was extracted with ether CSc oe ie ee Le 
ethereal extracts were washed with brine and dried (MgSO, ). 
After solvent removal there remained 480 mg of a clear yellow 
oil. This was triturated with pentane leaving 410 mg (95%) 


of 2-n-butylresorcinol identical with a previously prepared 


sample. 
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Treatment of 2,6-dimethoxy-n-butylbenzene with pyridinium 


hydrochloride 


A mixture of pyridinium hydrochloride (12 mg ) 
and 2,6-dimethoxy-n-butylbenzene (1 g) was refluxed (Wood's 
metal bath, 230°) under nitrogen for three hours. The cool 
semi-solid was dissolved in water (60 ml) and the aqueous 
Solution was extracted with ether (4 x 15 ml). The ethereal 
€xtraccts were washed in turn with 10% HCl (€3°x% 10 mi) and 
brine (20 mi). The dried (MgSO, ) solvent was removed to 
yield an orange-brown oil (980 mg) that solidified upon 
scratching. Sublimation (60°/0.1mm) of the crude material 
Noetded)2-n-butylresorcinol (7/20 mg, 806%) Identical with a 


sample previously prepared. 


Bis(2-tetrahydropyranyl)resorcinol 


The title compound was prepared as described by 
Parham and dens onwen Distillation, however, could not be 
accomplished owing to decomposition. Instead, the reaction 
mixture was diluted with ether, washed with cold 10% NaOH 
and brine and dried (MgSO,)- The bulk of the solvent and 
unreacted dihydropuran were removed under vacuum. This 
material was then left under vacuum overnight and used 
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Bis (2+tetrahydropyranyl) -2-iodoresorcinol ale 


wv solutionver Phia (025 moles)” mn ether C200enmlL) 
Was prepared as already “described.” To this solution bis(2- 
fetranydropyranyl) resorcinol (69. 5%s"-"0"25' moles) in’ ether 
(100 ml) was added dropwise under nitrogen. The mixture was 
lett’ for 7Z hours at ‘room temperature. © A solution of Zodine 
(0.20 moles) was added dropwise; the resulting mixture was 
refluxed for three hours and then quenched by addition of 
water (200 ml). The layers were separated and the ethereal 
layer was in turn washed with 10% sodium thiosulphate (50 ml), 
waver’ (S50? ml)“and’ brine. ~-A’thick orange’ oll” was’ ‘obtained 
gece removal ot solvent.” "Some crystallizatron took’ place 
when the oil was left under vacuum for two hours; tritura- 
tion with pentane left a light-yellow solid (32 9, 38%). 
The "solid is' unstable, when left exposed at room temperature 
it changes into a thick brown oil. 
iT (cHCL | 3040 - 3020 (aromatic), 1585 cm (aromatic). 
nmr: 6 FHS 8 PO Stem al POAT). On 90 PO aa (ne OZ are) 
bE Se 4(broad s,” 2," 2 °OCHO)" 4.o" = “Se 558 (mgt, 2 OCH.) , 
ne Meee 2 MecestMor Cu,” so) 
Reaction of 2,8,8-trimethyl-6,10-dioxaspiro[4.5]decane-2- 
TEREES: OF ITS) BEES: RSP) HOPThy  Oeerrr er rre 


acetaldehyde 64 with bis,2-tetrahydropyranyl)-=2-lithio- 
[07 WPA LEE Set 5421 DE 36 St eee 


resorcinol ie 


To a cooled e709 solution of bis(2-tetrahydro- 
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pyranyl)resorcinol (1,946 g, 7 mmoles) in ether (15 mi} sy 
-n-butyllithium in hexane (1.5M, 5 ml) was added, under 
nitrogen, with stirring. The cooling bath was removed and 
the solution kept at room temperature for 16 hours. A solu- 
tion Or the aldehyde (1.556 ¢,°6 mmoles) in ether (5 ml) was 
added dropwise with stirring. Water (10 ml) was added care- 
pity atter three hours and the mixture Stirred tor tive 
minutes. After having added ether (40 ml), the layers were 
separated and the ethereal phase was washed and dried as 
Heuat. Removal of the* solvent lett 2.896 oof a*yellowish 
oil that was chromatographed on alumina (150 g, BDH). The 
column was Successively eluted with Skelly Bt benzene 9 <1 
Petters), okelly B. benzene /:5, CL Eiter)s sand: Sskety 6: 
benzene 1:71. ° The latter” eluted 2-[2-(1,5-ditetrahydropyran- 
Z -vroxvyonenyl)-2-hydroxyethyl]-2-8,8-trimethyl-6,10- 
dioxaspiro[4.5]decane 76 (784 mg, 26%) as a very thick 
teaneparenu-O1l. 
liquid pues 3550F (sharp. OH}, Loos cn} (aromatic) 

Wnt ero) 826,776.05 (mM, 3) ALI, 94.0 wes, 1 em. OCHO ne 
Poco 0.985 0 Somanc. 0. 9b LLOuL 58, CH,). 

mass spectrum: m/e 504.3087 calcd. for Cy9H,,07, 504.3103 
meas. (1), 35503), 3518(7), 188(4), [sstzi jy 14at(s) ee 2et4 
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2-[2-(2,6-ditetrahydropyran~2'-yloxyphenyl) -2-hydroxyethy1] - 
ee ee MONO ie 
2,8,8-trimethyl-6,10-dioxaspiro[4.5]decane 76 


—_—_—_—_——————— 


A solution of PhLi (0.1 moles) in ether (200 m1) 
was prepared as indicated previously. The solution was 
filtered, in a dry box, into an oven-dried 500 ml 3-neck 
round bottom flask fitted with condenser, dropping funnel 
and glass covered magnetic bar. A dry-nitrogen atmosphere 
was maintained throughout the reaction. To the clear solu- 
tion, bis(2-tetrahydropyranyl)resorcinol ’ (27.8 ¢;/021imoles) 
in ether (100 ml) was added and the solution was kept at 
room temperature for 60 hours. After some of the solvent 
was removed by distillation and the mixture was cooled, 
White’ ¢€rystals- of the°organolithtum?75*separateds* The butik 
of the mother liquor was removed with an hypodermic syringe, 
dry ether was added (50 ml) and removed to rinse the crys- 
tals. Finally, ether was added (200 ml) and the mixture 
slurried. Freshly prepared aldehyde 64 (4.975 g, 22 mmoles) 
in ether (20 ml) was added dropwise to the slurry which was 
then stirred for 3.5 hours before quenching with saturated 


NH,Cl (30 ml). The layers were separated and the ether 


4 
layer was washed and dried in the usual manner. Thefor) 
obtained after removal of the solvent was chromatographed 
on alumina (1 Kg, BDH) as described previously. The desired 


alcohol 76 was obtained in 79% yield (based on aldehyde). 


It was identical (ir, tlc) with a sample prepared previously, 
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A solution of the benzylic alcohol 76 obtained 

in the preceding reaction (4.94 g) in ether (60 ml) was 
added to liquid ammonia (150 ml). To the solution, sodium 
(1.39 g) cut in small pieces, was added over five minutes. 
The mixture was stirred for 10 minutes and absolute ethanol 
was added dropwise until the blue colour of the ammoniacal 
solution faded. It was worked-up as in previous reactions 
to yield 2-[2-(2,6-ditetrahydropyran-2'-yloxyphenyl)ethyl]- 
2,8,8-trimethyl-6,10-dioxaspiro[4.5]decane 78 as a thick oil 
C4225 op 20897). » A pantiom,ef this, material (24.25) 2) awas 
dissolved in a mixture of 90% aqueous methanol (50 ml) and 

® aqueous oxalic acid (5 ml). After two hours at 50° the 
solution was cooled and diluted with water. The aqueous 
SOluULIOn Was extracted with ether andthe ethereallextracts 
were dried (MgSO, ) . The solvent was removed to leave a 
clear o11 (hh. 8340) The oi lwafter itrntura b10n qieith ~okelly4B 
left 79 as.a white solid (853 mg, 79%),, recrystallized from 


O mp 166 - 167°. 
1 


Skellysolve B-Et, 


336 0..COH) ¢ clid4necme eOCzO) : 


saCaHians): 
TM: Id) O 99.2 snGa% i(m, why Av) ado eo Seld eta 3h25 AG), 
QaSyert cl. eSenlins, 11 0.5 SCH,), Lyel Dal S.8ed-s CH). 

mass spectrum: m/e 234 (3), 138,66 Jose 2 C29e, uO fe( 10.0): ; 
Histo it SS (dc2:) 2 441.621).. 
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Catalytic reduction of 2-n-butylresorcinol 
Cs 2 5 RE aN AL 009 ear ee Se 


2-n-Butylresrocinol (83 mg, 0.5 mmoles) was placed 
in a 50 ml pressure polymer bottle together with 5% rhodium 
alumina catalyst (15 mg), 1N NaOH solution (0.55 ml) and a 
magnetic bar. The bottle was capped and hydrogen was intro- 
duced through an hypodermic needle attached to a pressure 
gauge. The container was flushed twice and the pressure was 
adjusted to 50 psi. The slurry was vigorously stirred for 
18 hours at room temperature. After uncapping the bottle 
the mixture was neutralized (1N HCl, 0.55 ml) and extracted 
Hitnpether. (3 x3 ml)> ,Removal of the dry (MgSO, ) solvent 
gave a quantitative yield of crude 2-butyl-1,3-cyclohexane- 


dione identical with an authentic sample of that material. 


2-[(2-(2,6-Dihydroxyphenyl)ethyl]-2,8,8-trimethyl-6,10- 


dioxaspiro[4.5]decane 80 


A mixture. of 3-methyl1-3-[2-(2,6,dihydroxypheny1) 
ethyljcyclopentanone 79 (2.34 mg, 1 mmole), 2,2-dimethyl- 
1,3-propanediol (163 mg, 1.5 mmoles) and 2 mg of p-toluene- 
sulphonic.acid waS»dissolved in EtOAc ; (5 m14) and benzene 
(30 ml). The solution was heated under reflux with azeo- 
tropic removal of water for 24 hours. More alcohol (102 mg, 
1 mmole) was added to the solution and reflux was continued 
for 16 hours longer. To the cool solution, solid Na,CO, 


(30 mg) was added and the slurry was stirred for ten minutes. 
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After filtration and evaporation of the solvent, the brown 
oil obtained was chromatographed on alumina (40 g). The 


column was eluted successively with CH Cl, Clomtreactions: 


2 
guewi) and EtOAc, (20) ml fractions). “Fractions 19 - 23 
contained 280 mg (87%) of nearly pure ketal 80 as a dark 
yellow oil. 

; Si) ; 
pa@liauid fare S350) (broad... OH) 1605acm (aromatic). 
reel Or UL EL ATH )),) 0. Sot t0. Sadat ee men) 


See rcad 55:2 OH) 2. 5.5 (550.4,.,0CH CCH Ojemeng gal. S 


2 


ine eCH.. S116, uh 0/) and: 0. Os i threcmisns Jews CH,). 


Z 
Tits product) 1s not stable and slowly reverts) to’ starting 
material: It. was, used in the next step without further 


characterization. 


Sri 2e(2 oe Dioxocyolohexy ethyl [-25878-trimethyl-6,10= 


dioxaspiro[4.5]decane 81 


The hydrogenation of the resorcinol prepared on 
the previous step, 80 (280 mg) was carried out in the same 
way as that of 2-n-butylresorcinol. After extraction with 
ether, the corresponding 1,3-cyclohexanedione 81 was left 
as a thick o11) (2/0 me, 96%) that solidaftivedsonestandine- 
eeteHer 3610 and $3560 (enol). 1740 7Cshoulder).) 2705. and 
1610 cm 4 (1,d-cyclohexanedione. 

Nr coe ou 4 o>) (oroad «shae4. OCH,CCH,0), 0 ZagSe.gn on CH), 
OSI ER Gee CH) , Ooo Sihe tos CH,), 
mass spectrum: m/e 322.2144 calcd. for Cy gH 9%,» SYA RPA ENS 


meas. (4), 183(47)» 141092), S789), 69696), 56153), 55(000)- 
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meadecatalyzéed cyclization of S-methyl-5 (25 (2 6nd oxo0cyclo- 
eee aS) Wes NOCe ang the Misture wee erinved snder —” 
hexyl)ethyl]cyclopentanone 82 


A 20 mg portion of the 1,3-cyclohexanedione 81 was 


Sseirred for “one hour in“diliite HzPO, CS me?) PS lECher extraction 


gave 11 mg of the corresponding triketone 82. This material 
was dissolved in CHC1, eo mi)’ containing a trace ef p-toiuenc- 
sulphonic acid, and the solution was refluxed under nitrogen 


eon eco rmmrours: To--the coo! mixture 'sol id Na,CO, was added 


With stirring (5 minutes). A red-brown oil (8 mg) was left 


after the Na,CO, and solvent were removed. The material was 


Bevaraced On a.lO x 25 cm Silica pel plate (0.25 mm thickness) 


by elution with CHC1,:CH, 


(Ry Uf) Jewas adivrdaed in -tnree par tvs “and seraped. ~ "ine entree 


OH, 95:5. A wide yellow band 


Porrrons wore eluted Wit ether torgive, lms, cme, wancwia no, 
Wien, medium and “low bands respectively. “Ihe “spectral data 
of the compound with lowest Re is "Consrstent “wrth esa amethy L- 
Toe 5 54 $7 58 9 -octanydrTo =1h-venas|_eyindence i, 0 - clone moo. 
Boer) fy so tcneres tae ms ene (shoulder). 

mass’ spectrum: ‘m/e 218(36), EOS FALSE VERSES PY SF C4e)e 
BOS eperorrol) shor Coo), eo 0. COO je 

Attempted methylation of 2=(2- (2 ,6-dioxocyclohexy) yethy) | 


2,8,8-trimethyl-6,10-dioxaspirodecane 81 


To a methanolic (0.1 ml) solutionsol “tncydlone 


81 (6.5 mg) and Triton B (40% CH,0H solution, 0.2 ml), methyl 
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iodide (5 mg) was added and the mixture was refluxed under 
nitrogen for three hours. After having added more methyl 
iodide (5 mg), the solution was refluxed for 14 hours. Water 
was added (5 ml) and the resulting aqueous solution was 
exeractéd “with “ether °(3 x °2 ‘m1j)'o "The “dried (MgSO, ) ether was 
removed leaving an orange oil (4 mg). 


4 (ketone). 


ee(Te (Ca PPAO Ges Gery SL 7 ES em 
Maes spectrum: m/e” 308(2), 183(100), 141(82); 97€87), 69(97). 


57(65), 55(82). 


2-[2-Hydroxy- (2-methoxyphenyl)ethyl]-2,8,8-trimethyl1-6,10- 


dioxaspiro[4.5]decane 86 


An oven-dried 500 ml 3-neck round bottom flask 
fitted with reflux condenser, dropping funnel and magnetic 
bar was used in this preparation. A dry nitrogen atmosphere 
was maintained. Surface-cleaned magnesium turnings (824 mg, 
34 mmoles), o-iodoanisole (7.02 g, 30 mmoles) and iodine 
(10 mg) were refluxed for one hour in dry ether (200 ml). 

To. the resultmoesoluitione’ 27958 =trinethy 20 orld roxas Pro 
[4.5]decane-2-acetaldehyde 64 (6.2 g, 27.4 mmoles) in ether 
(20 ml) was added dropwise (10 minutes) and the mixture 
refluxed for 20 minutes. The cool solution was treated with 
saturated NH, C1 (100 ml) and the layers were separated. The 
aqueous layer was extracted with ether (3 x 20 ml) and the 
combined ethereal extracts were washed and dried in the usual 


manner. The oil that was obtained (9.73 g) was chromatographed 
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on alumina (500 g, BDH). The column was eluted in turn with 
Skelly B:Et,0, JoESa C2iatersst fractions? 1@-) 11.9480" Mm! ) “and 
Skelly B:Et.0, be leqSe liters; afractionsi 127-4248 ,60%ml1) : 
fractions 24 - 36, 200 ml). From fractions 4 and 5 Z-AZe (2 
methoxypheny1)ethyl]-2,8,8-trimethyl-6,10-dioxaspiro[4.5]- 
decane 87 was obtained in 2% yield (characterization described 
later). The benzylic alcohol 86 was obtained (3.81 g, 423) 
Peom@seractions)22 2.29. 

IePPPoitd fia) JSoS0S3(0H)} 1605 fand :1590Lfaromatre) +9755 
cm (1,2-substituted benzene) ; 

iaeoeee, Goo utih, 4etanh), 0.06 (broad t, 1, CHAn) (9 3.77 


(Ssa3, OCH,), a aca; Aas, DOCH CCH,0), 2313 (broad Ss, 


2 
Ol). 43.1 2S SPS MG 8h 4 CH,), L1G andalers (Glworses sor, 
CH,), UE St (Sa 0:5" 2 CH). 
mass.spectrum.:..-m/e-—3354.2144- caled.--for Co 9Hz 99; re rt A lie 
Mease 47) 198 (25) 83 ( 25) LOOC20). SIAL Cope 1S alec 
PO4t49) -121,(19)., 115 (24), LOS(24)s, 2o7 CAS) Stel 2 yy, aia/at 2ole. 
COO oO oie) ae Dao) 5 

Using the same procedure with tetrahydrofuran 
as solvent, a higher yield (55%) of 86 was obtained. 
2-[2-(Methoxyphenyl)ethyl]-2,8,8-trimethy1-6,10-dioxaspiro- 
[arysjaecane 87 

The benzylic alcohol 86 (766 mg) dissolved in 
absolute ethanol (10.4.ml) and ether (4 ml) was added to 


liquid ammonia. Sodium metal (150 mg) was added rapidly to 
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the solution, After five minutes of stirring the reaction 
was quenched by addition of ethanol (0,5 ml). Work-up in 
the usual manner gave o7 taS/a clearVorl* (722mg, #985 We 
AD iiqdid fila): 1008; 1590" (aromati¢) , °755%em’} 
(1,2-substituted benzene). 

Biieo i. o4e5 6.07 hm, 4, ArH), 3.77, (s, 3, OCH), Sao 
Coe a OCH,CH,0), Beare sear (nh, 2, CH,Ar), Pap leah cctea bar oem) Li 
S CH,'S), 1 iT, 0.98 and” OTOS+ (three s5 0 ees CH,). 
Hesenepectrum: mye SIs(s))*184(1195°183(94), 160 (1298 
Pet OO), 124149) 97 C20). ,* 85 (20) 779 (109847 7014 oon 100) | 
MeO, SO 22), +o Le 
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seMethy) -3-125(1-oxo22-cyclohexen-6-y1)ethyl|cyclopentanone 39 


To liquid ammonia (20 ml) was added a solution of 
the aromatic compound 87 (318 mg) in ether (5 ml) and abso- 
lute ethanol (1 ml). The reaction mixture was stirred 
vigorously for one hour and quenched by addition of absolute 
ethanol. Work-up in the usual way gave a mixture of aro- 
matic and dihydroaromatic compounds (290 mg). The mixture 
was treated with 1:1) hydrochloric acid, water for 16 hours. 
The mixture obtained after ether extraction was chromato- 
graphed on alumina (40 g). Elution with ether gave 67 mg 
(30%) of 89 contaminated with a compound of similar polarity. 
pacearen 1745 (cyclopentanone), 1685 cm} (a,B-unsaturated 
ketone). 
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nmeroroenG.97 (d Of tyiljoJ=h0, P4Hz, O=C-CH=CH), 5,98 
Sdlofatsed ,cJ=10902Hz}00=OsCH)5r1408 (sy 3, CH,). 
mass spectrum: m/e 220(47), 147(46), 118(39), 105(44), 
om (45 )5°91(68) 5979644), 77(48), 67(33), 55(62), 43(49), 
41(100). 


3-Methy1-3-[2-(1-oxo-3-cyclohex-6-y1)ethyl]cyclopentanone OT 


To ammonia (140 ml), 2-[2-(2-methoxyphenyl) ethyl] - 
2,8,8-trimethyl-6,10-dioxaspiro[4.5]decane 87 (2 g) was 
added dissolved in ether (30 ml) and absolute ethanol (15.12 
ml). Sodium (7.2 g) was then added slowly (40 minutes). 
The solution was stirred for two hours after addition was 
completed, then ethanol was added dropwise until the sodium 
was destroyed. The resulting mixture was taken up in water 
(500 ml) and the resulting aqueous solution was extracted 
withrether. «Thedried (MgSO, ) ethereal extracts gave ‘a'clear 
0il that showed no aromatic absorption in the ir. The crude 
dihydro-aromatic compound was stirred for 90 minutes at room 
temperature in a mixture of methanol (50 ml) and water (10 
ml) containing oxalic acid (100 mg). The reaction mixture 
was then diluted with water (100 ml) and extracted with ether 
45x20 (mB) toediford "9360 °<g of setae 3-methyl-3-[2-(1l-oxo- 


3-cyclohexen-6-yl)ethyl]cyclopentanone 90 as a clear oil. 


1745 (cyclopentanone), 1720 cm} (cyclohexanone). 


ir ; 
(CC1,) 


The crude 90 was dissolved in ethanol (50 ml) and 
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hydrogenated at 50 psi in a Parr hydrogenator over 5% 
palladized charcoal (100 mg) for two hours, After removal 
of catalyst and solvent the title compound 91 was obtained 
aS ar Ol, (1.150). 
masGla 1745 (cyclopentanone) 1715 cm! (cyclohexanone). 
ere erg tO -Sewe ds CH,). 
eer Spe Corus er 22209) 12-56)", “98 (100), 97054), 8316). 
Baroy, 70 (01006 OOLG)., 767 6125) eS 5 631!) PEhGss hx 


Ua hydroxy -Sa-methyl-2,3,4,5,5a;6,7,8,9,9b-decahydro-1H- 


benz [e]indene-l-one 94 


Ee ecnudecs-methyl-3=[2- (1 oxo pF2cy.cl ohexeorncis)- 
ethyl]cyclopentanone 91 obtained in the previous reaction 
was dissolved in MeOH (80 ml). To the solution, aqueous 
sodium hydroxide (IN, 15 ml) was added and the mixture kept 
Under nitrogen *for 100 minutes at room temperature. After 
the solution was neutralized (1N HCl, 15 ml), some of the 
methanol was removed under vacuum and the residue was diluted 
with water (150 ml). Extraction with ether (42x05 Orem y He tata 
after evaporation of the dried (MgSO, ) ethereal-extracts, a 
white semi-solid. Recrystallization from Skelly B-Et,0 gave 
455 mg (48% overall from Birch reduction) of colourless 
prisms mp 149 - 750% 
mereciey 3615 (OH), 1740 cmt (cyclopentanone). 

Hmp: adgeo., 9.260(S 3635 CH). 
mass spectrum: m/e 222.1620 calcd. for C1 4H279)> 222 0L618 
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Reese), 194 (9) 17947), 149(12) 1098 ye SS ( 100% 
imo!) 55: (10): 
maai. Calcd. for Cy gH, 29>: Ci 15.0 5 Hi 
Co o.t, 6H, 69,99. 
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Dehydration of 9a-hydroxy-3a-methyl-2,3,4,5,5a,6,7,8,9, 9b- 


decahydro-1H-benz[e]indene-1l-one 94 


The ketol 94 (46 mg) was heated to reflux in a 
10% aqueous potassium hydroxide solution for 20 hours under 
nitrogen. The solution was cooled and extracted with ether. 
A clear oil (36 mg) was obtained after evaporation of the 
dried ethereal extracts. The oil, a mixture of compounds, 
Coutains mainly 3ga-methy 1-25.45 ,6,/,8,9-octahydro-lH- 
Deve eo) imacne= 1 -oner 95., 


1 


1745) 1S feshoulden) 4016355 cones ar eo@ se 


LT GCEL yh 
DG Oo 1 ALe(S.; CHz). 


Mass spectrum: m/e .204(88), 189(35),° 148051). 147,064), -127 


12062200 105(42);,..97 (100) 91 (57) ool Zan 


Attempted methy Latron-ofroa-methy 1-23 547.5, 6,.7 3059 - 


octahydro-1H-benz[e]indene-l-one 95 


A solution of the ketone 95 (20 mg) in benzene 
(3 ml) was treated with a slight molar excess of potassium 
tert-amylate under nitrogen. An excess of methyl iodide 
was added and the mixture kept at 70° for three hours. 


The reaction mixture was neutralized with dilute hydrochloric 
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acid and partitioned between water and Skellysolve B. From 
the dried organic layer a dark oil (18 mg) was obtained. 
i! 


mateo) ,) Las, L72s em 
mass spectrum: m/e high molecular ion peaks, 246, 232, 218 


> 


204. 
Attempted enol-acetate formation of 95 


“0 al sOlutron vor tne ketone Os Z0eme)) in carbon 
eecracntorider (imi), acetic anhydride (0.1 ml) and 50% 
perchloric acid (5 ml) were added. After 90 minutes the 
mixture was diluted with Skellysolve B and washed successively 
with saturated sodium bicarbonate solution and water. After 
removal of the dried solvent a dark oil was obtained (18 mg). 
After evaporation distillation a yellow oil (10 mg) was 
obtained. This material decomposes on standing. 

i 


mice) 1750 cm 


NAT tiasic .t5i(s), 1222°°(s): 


Preparation of dihydrocarvone?? 


To a one liter flask fitted with dropping funnel 
and reflux condenser was added zinc powder (85 mg), potas- 
sium hydroxide (35 g), water (135 ml) and 95% ethanol 
(350 ml). The mixture was heated to reflux and carvone* 


(64 g) dissolved in 95% ethanol (150 ml) was added with 


*> Botho( -)da andy (+) carvone were used for these preparations. 
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vigorous stirring, over a period of six hours, After an 
hour, the cool mixture was filtered and most of the solvent 
was removed under vacuum. The residue was extracted with 
three 100 ml portions of petroleum ether. The organic layer 
was waShed successively with dilute acetic acid and water. 
After removal of the dried solvent, dihydrocarvone was 
obtained by distillation bp 75°/4 mm. (84%) (1it.2? 


bp 80°/6 mm). Its spectroscopic properties are consistent 


with those reported. 
58 -Hydroxy-78 (H) -14-noreudesm-11-en-3-one 


The procedure of yD’. W: Theobald”! was followed. 
meme xtiure—of S6-hydroxy-/8(H)-14-noreudesm-11-+en-5-one and 
7B (H) -14-noreudesma-4,11-dien-3-one 98 (58% based on 49.6% 
recovered dihydrocarvone) was obtained after distillation 
Boee oa 50° /elemm) (Clit 4 oO = 4 se 70s mm) 
trriiquid Signer 3440' (broad. OH), P7 ls: (saturated ketone). 
1670 cmt (a,8-unsaturated ketone). 

The intensities of saturated and unsaturated carbonyl 
absorption were approximately the same. No@eLtores sto 


separate the mixture were made and it was used as such in 


the next step. 


78 (H)-14-Noreudesma-4,11-dien-3-one 98 


te een ee ee eS SS ee 


Two grams of the mixture obtained in the preceding 


reaction was refluxed under nitrogen (8 hours) in aqueous 
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10% potassium hydroxide (20 ml), The cooled mixture was 


extracted with ether to yield 1.82 g of crude ues 

eS laanid Ane 1678 (unsaturated ketone), 885 cm”) 
(C=CH,). 

Perea (Ss. le CAN) yc4 0) - 47° (broad: dal) di. C=CH,), 


IB Ried (5 Msi hch, #620) 981% 26) (33°, CHa. 


5) 


98 -Hydroxy-48,78 (H) -eudesm-1ll-en-3-one 104 


The title compound was prepared as described by 
Halsall, Theobald and Walshaw?”. A slight modification in 
the procedure, dropwise addition of 1-chloropentan-3-one 
dissolved in an equal volume of dry THF while keeping the 
reaction mixture temperature at -20°, led to an improved 
yield of the ketol (82% based on recovered dihydrocarvone). 
nomlOsu106° (lit .°* 
3610 (sharp), and! 4450 (OH), L715 (G=0) 1648 


mp 108°). 


eeiGhGl.) | 
and 885 cm" (C=CH,). 


78 (H) -Eudesma-4,11-dien-3-one 105 


A mixture of the ketol 104 obtained in the above 
mentioned procedure (31 g) and 10% aqueous potassium hydro- 
xide (500 ml) was refluxed under nitrogen for eight hours. 
Extraction of the cool solution with ether left an oil (28 g) 
that was distilled under reduced pressure. 78(H)-Eudesma- 
4,11-dien-3-one 105 was obtained as a clear Ei Quid a Dp aia / 
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ey Pcuid film): 1675 (unsaturated ketone), 885 cm” 


Peo 4. 
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(C=CH,). 


nmr: <6 4,82 and 4.63 (two m, 2, C=CH,), Lge OSes PS CH). 


7B (H) -4-Methyl-eudesma-5,11-dien-3-one 429) 


To a solution of 78(H)-eudesma-4,11-dien-3-one 
205..(11.6 g, 57.0 mmole) in dry THF (100 m1), potassium 
tert-amylate in benzene (1.08M, 50 ml) was added and the 
mixture was heated under nitrogen (60 - 70°) for 15 minutes. 
To the cooled solution (ice-water bath), methyl iodide (7.2 
g), dry THF (72 ml) was added in one portion and the mix- 
eure Was stirred at 0° for 30 minutes. “After neutralizing 
ehesreaction- with dilute acetic acid, the solvent. was 
removed under vacuum. The residue was dissolved in ether 
(300 ml) and washed with water, saturated sodium bicarbonate, 
water and brine. A yellow oil (14.49 g) was obtained after 
removal of the dried (Na,SO,) SOLVENC.. 9 DOMt TOOT the 
oil (6.79 g) was chromatographed on silicic acid (500 g) 
78 (H)-4-methyl-eudesma-5,11-dien-3-one 99 (5.1 g) was 
obtained by elution with CH,Cl,. 


va! 
i ; : § (C=0);° 1650 and*$90 cm C=CHa = 
iGeqidoriiije te we uae 
nmreed.5.48 (d, 1, J=4Hz; H-6), 4.82 and 4762" (2m5~ 27 C=CH,), 
Zoeue 2.4L (ms oh double: allylic Hy ands Czas Sie. 


Ce a bite CHz), 1.27, 1,24 and 0.98 (three s, 9, 3CH,). 


; : 107 
These values are consistent with those reported : 
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mass spectrum; 232(30), 147(33), 137(12), 135(12), 134(32), 
Por t00)  152(14) 15112), 121 (13), VIS (2 2) LOLS) 
Pye O), 100111), 93116), 91(28), 7914). (OO Wray Bala 
41(42). 
Semicarbazone mp 183 - 185°. 
Beene ated. for C,.H,3N.0: C, 70.55% Hy 9.40) 
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Ozonolysis of 78(H)-4-methyl-eudesma-5,11-dien-3-one wo 


The title compound (1.180 g, 5S mmoles) in 
CHCl, (5 ml), was added to 220 ml of ozone-saturated 
Meenyitene chloride (5.5 mmoles of ozone)’ at<-78°. The 
solution was left at this temperature for 20 minutes and 
Ehen treated with aqueous acetic acid (122, v:vi 50 ml) 
and powdered zinc (500 mg). After the slurry was vigorously 
Stixred at ‘room temperature for 40 minutes. the CHCl, was 
separated and washed with saturated sodium bicarbonate, 
water and brine. Evaporation of the solvent left an orange 
Oil (1.17 ©) that was chromatographed on siiicrc-acid (100 
g)- Elution with CHCl, afforded a white solid (450 mg, 
- 38.5%) that corresponds to 12-nor-78 (H) -4-methyl-eudesma- 
S-en-3,l1-dione 100 mp 67 - 68°. 


dl 


1710 (ketone), 1355 cm ~ (sharp, methyl of 


hb Tea a 
methyl ketone). 
mmr) 6 25.72. (d,. 1s J=4,5H2 5 H-69," 3,22 0— 2. 9 (mn ee Cy 


2.19 (s, 3, CH,CO), 1.26 (s, 6, 2 CH), 0.98 (s, 3, CH;). 
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mass spectrum: m/e 234.1614 calcd. for C, H,,0,, 21SAG O20 


meas. (0) yiL91614)4y 11 90-(100)i,..1 84.61 he 199011) arse 
PA Ato 119,61 292,010.77 (26) 61 05:02 3941197 (1 3)ke 91269 , (84.7916) 
FOUSBN, WIL) 4pO7KAU7) 0551 5) 4c 4307 1A 379R 
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Os0,-Nal0, oxidation of 78(H)-4-methyl-eudesma-5,11-dien- 


3-one cet 


ApMuxtune of the title compound (1.18 ¢) 5: mmoles) 
and osmium tetroxide (105 mg, 0.4 mmoles) in dioxane (40 ml) 
BUGeMace ta. oumL.),..WaS,-Stieredin-the-dark tor’ 20-minutes. 
A solution Ofesodium periodate:(5745 gyeis<csinmmotes) tin 
water (25 ml) was added and the resulting slurry was stirred 
for one hour. After water was added (250 ml), the aqueous 
solution was extracted with ether (4 x 70 ml) and the 
ethereal extracts were in turn washed with 10% sodium sul- 
frac, pwatensandabrinéi wdlheadr red (Na,SO, ) solvent was 
removed leaving 900 mg (76%) of a dark 0il that solidified 
on cooling. The ir is superimposable on that of the 
preceding sample. 


Ozonolysis of 58-hydroxy-48,78 (H) -eudesm-11-en-3-one 


2 ee ee ee ee ee 


Ozone was bubbled through a solution of the 
title ketol (247 mg) in CH,C1, (40.ml1J~at—»78*-un tit“a 


blue colour developed. The mixture was then treated with 
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zinc dust (100 mg) and 2% AcOH (15 minutes) at room tempera- 
ture. The phases were separated and the CH,CL. was washed 


with saturated NaHCO water and brine. The dried (Na,S0,) 


3? 
solvent was evaporated under vacuum. The diketone 12-nor- 
9B -hydroxy-48 ,78 (H) -eudesm-3,11-dione 106 was obtained as 
a white solid (217 mg, 87%) mp 181 - 183° (1it.22 179 - 
180°). 
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S010), 5460 (OH), T7115 (G=O0).Ptssorcme (CH,CO). 


BaCGHCI:,)” 
Meee) 1.14 (Ss. 3, CH,CO), eo Sieeoe (CH), et Ceo 


J=7Hz, secondary CH). 
7a (H)-12-noreudesm-4-en-3,1l1l-dione 107 


The ketol obtained in the preceding reaction 
(500 mo} was “refluxed for”one hour in THF *(15 mi) and 
concentrated hydrochloric acid (50 ml). Ether was added 
(S50 ml) and the solution washed with saturated NaHCO, and 
brine. After evaporation of ‘the solvent “an oil was obtained 
(400 mg) that solidified upon scratching. Recrystallization 


from Skelly B:Et.0 gave the pure dione as colourless prisms 
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134 
moles) and sodium hydride (24 g, 50% oil dispersion) sin «dry 
THF (250 ml) and ethanol (1 ml), was refluxed under nitrogen 
for 1.5 hours, The mixture was cooled to -20°. A solution 
of 1-chloro-3-pentanone (60 g) in THF (100 ml) was added 
dropwise (30 minutes). After addition was complete the 
mixture was stirred at room temperature for 10 hours. After 
work-up (as in previous similar procedures) the crude product 
Was distilled. Two main fractions were collected: 36 - 60° 
/0.7 mm (14.1 g, 2-methylcyclohexanone) and 105 - 120°/0.7 
mma 2.0). pihewlatten £Lraction.wasirefluxecd,fore!l -sehouns sin 
in 10% KOH and extracted with ether. The resulting oil 
(40.66 g) was distilled to give the decalone 110 in 56% 
yield (based on recovered 2-methylcyclohexanone) bp 104. - 


106°/1.5 mm (1it.1°! pp 99 - 100°/1 mm). 


(conjugated double bond). 
nmr ate 2821846543 onViny lic CHz), 142446954335 CH,). 


1,1,4a-Trimethyl-1,3,4,4a,5,6,7-heptahydronaphthalen-2-one 


111 
The methylation of the preceding decalone was 


101 


carried out as described by Mukherjee and Dutta A 


Colourless liquid was obtained in 91% yield after distilla- 
620Onesbp_lO7 ¢2)112°/2 mm Ae L05na dee Acad shlnuour 


hands, however, a mixture was obtained consisting mainly of 


the desired decalone (85 - 90% ) and possibly the 1,1,3,4a- 
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Vetrane thy) ateds ketone) (15*70102)7! . Gc separation using; 


column, 15% FFAP on 60/80 chromosorb W 10! x 3/8": tempera- 


? 


tures 150547 flow rate, 10 mi 7)second: 


1 


IF 150m we C=0)s 


'Y (liquid film)’ 
Maree o O202 (42/14) J=345H20 C=CH) 281. 258Cs5) 0 59 2 CH,), 


OM) (si; 3,4 CH.) 


mee-vimethyl-1),5-propanediol acetal of 1,1,4a-trimethy1/- 


1,3,4,4a,5,6,7-heptahydronaphthalen-2-one 114 


The mixture of ketones obtained in the last reac- 
fion (1.92 2)s1252+dimethyl=-14S5epropanediol* (i872°> 9 920 mmol) 
amad il 0=mnpurofe pe TSAewasndissolved in benzene (50 mij. The 
solution was heated under reflux with azeotropic removal of 
Water for 24 hours. “The solvent was distilled andthe resi- 
due, triturated with Skeliysolve, Bs The solid was fileered 
Ofrit{propanediol) and the fiitrate was dissolved in THF (30 
ml) aaouthis solution 10 ml of 1.1M LiAlH, in ether was 
@dqdedq. After stirring for one hour; atsroem eempcrature, sthe 
reaction was worked-up (addition of water, 15% NaOH and water) 
to obtain a colourless oil (2.126 g). The 011 was dissolved 
in pentane (5 ml) and left in the fridge overnight. Some 
erystallization tooktplace’, the white solid was recrystallized 
from CH,0H to obtain 460-mg of colourless prisms. The pentane 
and methanol filtrates were combined and percolated through 


alumina (80 g) using Skellysolve B:acetone, 98:2, A further 


600 mg of pure 114 were obtained. mp 75 - DO are 
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; =i 
ir (cuca ,)' 29505" 2930), 22870), 1475, Adi Sees seen oe 


nmr: 6 5.58 (t, 1, C-CH), 3.95 - 3.20 (m, 4, OCH,CCH,0), 


1,24, 1.22, 1.18, 1.14 and 0.72 (five s, 15, 5 CH,). 


Mass spectimmims:; . 27,8..2246 calcd... for Ci gHs 9, 21 822.209 


peak) Cichdis2-Gi7 ) op 143.(100),,» 169 (13)... 5.415) |. 4 aC LS 
Ana Wie Galcd:+.for Ci gz 99,: Ci, wees. He 10250) exhound: 


50: Heyl 0e94 ; 


Diels-Alder reaction of 4-cyclopentene-1,3-dione with 


i-vinylcycloheptene 


A mixture, of 4-cyclopentene-1,3-dione (96 mg) 

rina 1-vinylcycloheptene!"® (134 mg) in-ether (S$ ml )jewas) Lette 
ater ore48 hours. Thessolid which formed owas. filtered: ore 
tomoive 117 sme (56%). 0f the Diels-Aldercadauct, VESeamp an Sian: 
LO 

it xpry’ Deo eerie (carbonyl). 
pm (DMSO-d) 695.98 (broad! si jHe=G 

mass spectrum: 218.1307 calcd. for C,,H,.0,, ZS aS 4 meas: 
(57 e176 (39)), 175(12)5 158124), 135 D206 eel OS C2 eye, 
O84 ym 5.(22),. 92 (58) se 9100). 7950) 7 Oa er eae 


CrCl (40). 
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PARE 1-1. AN INVESTIGATION OF SOME INTRAMOLECULAR 
DIELS-ALDER REACTIONS 
a ee on ey a tre ae eh Eps Ua 


DISCUSSION 


Preliminary considerations of the synthesis of 
ring C of cyathin A led us to study the Diels-Alder reaction 
of substituted furans. We were particularly interested in 
the use of 2-methoxyfuran 1 as the diene. This interest 
stemmed from the fact that the adduct formed would already 
have two of the ring C oxygens in the proper position. 
Suitable elaboration of the six-membered ring thus obtained 


could give an appropriately substituted cycloheptenone. 


In connection with another project the Diels-Alder 
reaction of 2-methoxyfuran with a number of dienophiles has 
: AN oo 
been investigated by Dr. L. Browne in these laboratories . 
It was found that the methoxyl substituent directs the mode 
Of addition of the dienophile giving rise to the “‘ortho 
; : 2 
product" in accord with the numerous examples available 
and with mechanistic considerations’. The furan has been 
AS 


previously prepared by other workers In these labora- 


tories the compound is prepared by acid-catalyzed pyrolysis 


: 1 
of commercially available 2,5-dihydro-2,5-dimethoxyfuran 


Treatment of 2-methoxyfuran with a-acetoxyacrylo- 
nitrile and with a-chloroacrylonitrile produced 6-acetoxy- 


6-cyano-1-methoxy-7-oxabicyclo[2.2.1]hept-2-ene 2 and 
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6-chloro-6-cyano-1-methoxy-7-oxabicyclo[2.2.1]hept-2-ene 2 
respectively. We intended to reduce the cyano group to the 
corresponding primary amine which in turn could be trans- 
formed into a suitable leaving group. Elimination with ring 


expansion should furnish the desired ketone. 


CH3 


Both adducts were found to be thermally unstable, 
on standing at room temperature theyaresinify’polneorder to 
partially overcome this instability problem, they were hydro- 
genated to the corresponding 7-oxabicyclo[2.2.l]heptanes. It 
was anticipated that once the conditions for ring expansion 
had been established in the hydrogenated compounds, they 


might be applicable to 2 and 3. 


Attempts were made to reduce the cyano group by 


: , 4,5 
treatment with lithium aluminum hydride in ether Under 


these conditions, however, the adducts decomposed giving 
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rise to mixtures. These mixtures were foung not to) contain 
bicyclic materials since their nmr Spectrarlackedsthe siren! 
for the bridgehead proton. The use of diborane® and disi- 
amyl borane’ for the reduction of nitriles has been reported. 
In our hands diborane also led to decomposition of the 
adducts. Possibly the Lewis-acid character of the reagent 


elcaves the sensitive ketal bridge of our adducts, 


Catalytic hydrogenation of the cyano group was not 
successful“ under’ the’ conditions investigated. Thus after 
Byarorenation Of 2) 0r 3 in ether or ‘ethyleacetate over) pal 
Jadized charcoal at *3°atmospheresi for up ‘to 48 hounsg the 
Stereino, Material was recovered unchanged >. * The suser on 
platinum oxide under similar conditions was found to cause 
excensive decomposition.» [he use on \theslattormcatalvctwin 


ammoniacal ethanol afforded starting material only. 


The catalytic shydrogenation of nitrites under mitd 
conditions using a rhodium catalyst has been reported by 
Freifelder’. The reductions are reported to vtake place ar 
low pressure (2-3 atmospheres) using rhodium on alumina as 
the catalyst in ethanolic ammonia. Under these conditions 
no reduction of 3 could be detected. Treatment Ofeom at 
100 atmospheres in saturated ammoniacal methanol using rho- 


dium on alumina as the catalyst, 2!:lorded a 7m xiuie jo 


compounds. No bicyclic material could be detected by nmr. 


The only crystalline material isolated proved to be ammonium 


chloride. 
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At this point we decided to prepare a Diels-Alder 
adduct which did not contain the acid sensitive internal 
ketal. The adduct should be so constituted as to allow 
eventual conversion to the required ketone. Furfuryl alcohol 
was chosen as a substrate. After ring expansion and further 
transformations had been completed, acid treatment would 
hydrolyze the oxygen bridge leading ‘to a 1,2-diol’. ' The 
Creavage of the /diol ‘with périodié ac id ‘or Mead tetraacetate” 


should produce the desired ketone function. 


Rani ee 


Alkylfurans, however, undergo Diels-Alder reactions 
satisfactorily only with reactive dienophiles such as maleic 
anhydride, maleimide, acetylene dicarboxylic esters. .ecc- 

It has been reported that acrolein and 2-methylfuran undergo 
a Diels-Alder reaction when heated in an autoclave. Our 
attempts of achieving the addition of ac rolei Nero: turer ya 
aicohol under those conditions resulted only in pyrolysis. of 


the materials. At lower temperatures (refluxing benzene) 
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polymerization of the acrolein seemed to be the predominant 
reaction, the furfuryl alcohol was unreacted (by nmr). 
Lewis-acid catalyzed addition of dienophiles to furans and 


11 The intermediate adducts are 


pyrroles has been reported 
not isolated, instead their rearrangement products phenols 
aid anilines arerisolated in yields ranging from 45 = 55%. 
Invour hands treatment of furfuryl alcohol with either 

acrolein or; ethyl acrylate and boron*trifluoride etherate 


led to polymerization. The use of copper fluoroborate as 


the catalyst afforded no reaction. 


At this stage our attention was drawn to interesting 
internal Diels-Alder reaction with a furan ring acting as the 
diene. Bilovic, Stojanaec and Hahn? reported that some allyl- 
arylfurfurylamines on standing at room temperature spontane- 


ously isomerized to N-aryl-5,7a-epoxytetrahydroisoindolines. 


Chios > COX 
0 

J 

4 R=H, CH3,0CH3 2 


Seemingly, the allylic double bond is so situated 
as to facilitate the process to such an extent that such a 
poor dienophile as an isolated double bond would undergo a 
Diels-Alder addition. We felt that such compounds could be 


used for the synthesis of a cycloheptenone. DUS ieee 
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Suitably substituted allylamine could be prepared, it. should 
undergo internal Diels-Alder reaction. After quaternization 
of the isoindoline, the salt should be prone to fragmentation 


leading to ring enlargement as shown below. 


Ads 


The preparation of compounds such as 5 was under- 
taken. The previous workers prepared the compounds by treat-_ 
ment of the corresponding N-arylfurfurylamines with allyl 
iodide. The resulting hydroiodides were treated with base 
to liberate 4. We could not, however, obtain crystalline 
hydroiodides and a modified approach was used. By treat- 
ment of N-phenylfurfurylamine with sodium hydride in DME 
followed by addition of allyl iodide, a 27% yield of 4 (R=H) 
was obtained. A better method for its preparation consisted 
of heating to reflux an equimolar mixture of -N-phenylfurfuryl - 
amine and 2,6-lutidine with an excess of allyl bromide in 
acetone (75% yield). This method was reported to be useful 
for the preparation of quaternary ammonium salts”. In our 


hands, only the tertiary amine could be isolated. 
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While 4 (R=H) isommerized on Standing to the inter- 
nal Diels-Alder adduct 2 (R=H), all of our attempts to qua- 
ternize 5 were unsuccessful. At this stage, we felt that the 
quaternization had not taken place at least in part as a 
result of the low basicity of the anilino nitrogen. We there- 


fore undertook the preparation of some alkylallylfurfurylamines. 


These compounds should cyclize to the internal Diels- 
mract adducts and these in turn should quaternize. | [f*this 
were the case our original plans for ring enlargement could 


be investigated. 


As f@ result we undertook a more general study (or 
the intramolecular Diels-Alder cyclization of N,N-disubsti- 
tuted furfurylamines. Further studies have been reported 
by Bilovict*, He found that on weaction of sN-pheny Lrurruny te 
amine with maleic anhydride, the intermediate N,N-phenyl- 
furfurylmaleamic acid 7 isomerized to 2-phenyl-3-o0xo-5,7a- 
epoxy-3a,4,5,7a-tetrahydro-4-isoindoline carboxylic acid 8. 


The same reaction took place using N-methylfurfurylamine. 
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1 S008 R= CH, 
R 


PA aes 
Our results are summarized on Table 1. The study 


was also extended to include oxygen instead of nitrogen as 
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the heteroatom linking diene and dienophile. These results 


are summarized on Table 2. 


For comparison with 4 and 7, N-phenyl-N-furfuryl- 
acrylamide 9 and ethyl 4- (N-phenylfurfurylamino)crotonate 
10 were prepared. The acrylamide 9 does not undergo the 
internal Diels-Alder reaction. On the other hand, LOP under 
goes the cycloaddition to give 10a rapidly since we could not 
isolate it in the open form. These results may be explained 
by taking two factors into consideration: changes in dieno- 
philicity through polarization of the double bond and steric 
requirements. The amide linkage, while polarizing the “double 
bond, has sp? hybridization which causes the substituents, to 
lie in the same plane. Models indicate that the C=C double 
bond cannot approach the ring as easily in the case of 9 
asin 4. In the case’ of the maleamicyacid 7) the carboxyl 
substituent on the double bond must increase its dienophili- 


City ato suche dn extent, that’ this overrides thes stemc, factor. 


In. our initial efforts. co obtain an eN= sup; Guruted 
N-allylfurfurylamine with a substituent other than a phenyl 
group, N-allylfurfurylamine 11 and N-ethyl-N-allylfurfuryl- 
amine 12 were synthesized. These compounds failed to undergo 
cycloaddition at a variety of temperatures (room temperature 
to 108 3 en At the time we felt that a possible reason these 
compounds behaved differently from the N-phenyl analog was 


due to the different steric effects of the substituents. 
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TABLE 1 
Compound Structure 
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Thus, if the phenyl and furan rings) for ‘steric ereasonsy are 
well separated, the allyl substituent is in a favourable 
position to undergo the Diels-Alder reaction. To test this 
assumption N-tert-butyl-N-allylfurfurylamine 13 was prepared. 


This material, however, does not cyclize. 


We next investigated whether the difference between 
the alkyl substituted amines and 4 was electronic in nature. 
It may be postulated that the phenyl ring through delocaliza- 
tion of the nitrogen lone pair polarizes the allylic double 
bond or distorts the tetragonal geometry of the nitrogen in 
such a way as to render the cycloaddition reaction less dif- 
ficult. iInv*order'to study this'we ‘prepared Nally i N-fturtury le 
acetamide I4') ‘This’ amide does ‘noticyclize)> likely because 
the change from tetragonal to trigonal geometry of the nitro- 
gen precludes the effective interaction of the allyl groups 


mom cuctcL ira brie. 


Another possible way of weighing the role of the 
polarization of the allylic double bond is to form a quater- 
nary ammonium salt. The positive charge on the nitrogen 
should enhance the polarization of the double bond. To this 
end, N,N-dimethyl-N-allylfurfurylammonium bromide 18 was 
prepared. The salt was isolated as a thick oa iethatecoula 
not be made to crystallize. Its nmr shows: 6 3.31 (s, OH, 
CH,NCH,), 4035" (a) Jeohz,, 2H, NCH,CH=CH,), 5v.06 
GSiecit, CHN), $.58= 6.14 (On, OH, CH=CH.) , O. 475 (deotid: 
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Se OHZy 8-1 OZ el Hie furan C4 Sere (a0 la fdetd =SHZ 5 mlHs 
furan{C3.proton), 7),58.(d,.J=1.5Hz, 1g wturany Con protony 
which is consistent with the open form. Bilovic has 
reported that 5 can be converted to its retro Diels-Alder 
product 4 by heating it above its melting point for a short 
time. We felt that if the same was true for the conversion 
of.18a to 18,and. that. if this.is,taking, place even; at. room 
temperature, we might be able to observe the Diels-Alder 
reaction at lower temperatures. However, when nmr spectra 


were recorded at temperatures of -50° and -95°, no evidence 


of cycloaddition could be detected. 


Two months later it was observed that the previously 
liguids 18. had;soladified,. Investagation of thisjmaterial 
showed no evidence for the furan ring and indications were 
that, complete conversion to;the internal, Diels-Alder adduct 
18a had taken place. Thus the nmr of this material shows two 
vinyl protons as a doublet at 6 6.67 (J=6Hz) and as a doublet 
of doublets at 6 6.45 (J=6Hz, J=2Hz). The bridgehead proton 
can be observed at 6 5.16 as a doublet of doublets (J=4Hz, 
J=2Hz). The methyl signals are no longer equivalent, instead 
two sharp singlets at 6 3.6 and 6 3.74 are evident in agree- 
ment with the cyclic structure where the methyl groups are in 
different chemical environments. The coupling constants 
observed for the vinyl and bridgehead protons are in close 
agreement with those reported by Browne? and Gagnaire and 


Payo-Subizal5 for some 7-oxanorbornene derivatives. 
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Concurrent with the preparation of the aforemen- 
tioned compounds, the synthesis of systems having an oxygen 
instead of nitrogen between the furan and double bond was 
undertaken. It was found that allyl furfuryl ether Lo, 
furfuryl acrylate 20 and ethyl furfuryl fumarate 21 do, not 
Civewrasecto thei eerresponding .internal.adducts., sThat 20 
does inot,form a,»cycloadduct is in line with the. failure of 
N-allyl-N-furfurylacrylamide 9 to undergo cycloaddition. 
ey ehecotherphand.thegfailure of,,19,and 21,to,cyelizestur- 
ener implicates jayspecial.ef£Lect.of Lhesphenylsesubstituent 


Po9tehesnitrogen series. 


The diallyl acetal of furfuraldehyde 22 was pre- 
pared. by-heating) to,reflux a\5:1, mixture, of_allyl,alcohol 
and furfuraldehyde in benzene containing p-TSA with azeo- 
tropacuremovalsof,waters,,After distillation, ofsthe reaction 
products a 1:1 mixture of 22 with the cyclized material 22a 
was obtained. The ratio of 22 to 22a was determined by 


integration of the furan C5 proton and one of the protons at 


C4nofatheradduct. 
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Examination of the nmr of the mixture of 22 and 
22a after two months did not show any appreciable change. 
However, 14 months later complete conversion to 22a had 
taken place as indicated by nmr. A complete analysis of 
the spectra is possible (see Experimental) and agrees with 
the proposed structure. It was subsequently found that con- 
version of the mixture to 22a can be accomplished by heating 
to reflux in benzene for 72 hours. Higher temperatures lead 
to reversal of the addition. Thus when 22a was heated at 
140° for three hours, a 2:3 mixture of 220and 22a, was 


obtained. 


To assess the influence of two substituents in the 
ease of ‘cycloaddition, N,N-diallylfurfurylamine 16 was pre- 
pared! via’ /N,N-diallylfuramide 15. “ Neither 15 nor 16 could 
bevwinduced to form the internal Diels-Alder product; “fhe 
Mick oOPicyclization ‘of 15° can again be explained in terms of 
the geometry imposed by the amide bond. The fact that 16 
does not cyclize even after prolonged heating in refluxing 
benzene whereas 22 does, may be-due- to the greater degree of 


flexibility in the acetal vs the amine. 


While 16 does not cyclize, cyclization does proceed 


readily after quaternization to triallylfurfurylammonium 


bromide 17. By treatment of 16 with allyl bromide, the salt 


17 can be obtained in’ crystalline form? g When tt ts 7dissolved 


in minimum amounts of methanol, l/7a 1S fOrmed Within vo, nNours. 
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This cyclization is more rapid than that of 18, presumably 
because of the greater probability of attaining the proper 


conformation for bond formation. 


it is evident from the results obtained that the 
ease of cyclization is increased with increasing dienophilic 
character of the double bond, an observation generally en- 


Oe eee cae ach 


countered in Diels-Alder reactions 
the available information to generalize on the factors 
Poverning these internal |;Diels-Alder reactions. It can be 
seen that the geometry of the addends plays an important 

Parc. JHowever, themrole of the substituengs onjthe nitrogen 
atom is™hard to assess. It cotld be’ said that) the phenyl 
mceracts with the lone pair of the nitrogen etrectively 
Mmiesning the rate Or anversion attics centre.) Wiis cin 
turn would permit a better interaction of ‘diene’ and dienophite 
allowing reaction to occur. Polarization of the double’ band 
as a consequence of polarization of the nitrogen may be an 
important factor. Both explanations are in agreement with 

the results obtained with the quaternary salts. It can how- 
ever be argued that a conclusion should not be drawn since 

in the salts the nitrogen is fully substituted and the steric 
factor may now be the controlling factor. It is clear that 


further work will be necessary before a complete definition 


of the scope of this reaction can be given. 


Regardless of the theoretical implications, the 
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ease of preparation of 17a, 18a and 22a suggest that com- 
pounds of this type are possible intermediates in a ring 
enlargement sequence as discussed initially and as 


hypothesized below. 
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EXPERIMENTAL 


Melting points were determined on a Fischer-Johns 
or Leitz-Wetzlar hot-stage melting point apparatus and are 


uncorrected. 


Microanalyses were performed by the Microanalytical 


Laboratory of this department. 


Infrared spectra were recorded on a Perkin-Elmer 
Model 337 grating infrared spectrophotometer, a Unicam SP1000 
grating infrared spectrophotometer, or a Perkin-Elmer Model 


421 dual grating infrared spectrophotometer. 


Nuclear magnetic resonance spectra were measured 
using a Varian Associates Model A-60 spectrometer or a Varian 
Model HR-100 spectrometer with tetramethylsilane as internal 
etanadard. Deuterium exchangeable protons are noted inetext 


as D,0. 


Mass spectra were recorded on an A.E.I. Model MS-9 


mass spectrometer or an A.E.I. Model GC/MS mass spectrometer 
with a WB separator. 
Chemical ionization spectra were recorded on an 


A.E.I. Model MS-12 mass spectrometer with a chemical 


ionization source and ammonia as internal standard. 
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N-Phenyl-5,7a-epoxy-3a,4,5,7a-tetrahydroisoindoline 4a 


Freshly distilled N-phenylfurfurylamine?@ (S262 ¢ , 
20 mmoles) and 2,6-lutidine (2.4 g, 22.4 mmoles) was dis- 
Bodved.in dry acetone: (50.m1)«-yAlly1{bromideo(4997 gsh41 
mmoles) was added to the solution and the mixture was 
rer luxed under nitrogen for three hours. After the addi- 
tion of more allyl bromide (15.7 mmoles), refluxing was 
continued for 11 hours. The solution was filtered and the 
filtrate was triturated with ether to remove further oe 
butidine,hydrobromide,; formed.».Thevsolvent and texcessgallyl 
bromide were removed under vacuum leaving an orange oil. 
After, three. days .a dark.semi-solid had formed.,. After 
Lecuystallizationsfrompethanol 32 ughbrogly tela) onetagwas 
BB imicds hatip all waelZ0° eae Glity.? Meal? Oeea lake MeMntic 


spectral data is consistent with that reported. 


The isoindoline 4a was also prepared as described 


below. 


Sedium hydridenGl.355 ¢, 57% 011 dispersion) was 
bia lee : 
added to a solution of N-phenylfurfurylamine (Sieg) Gin. dry 


dimethoxyethane (100 ml). The slurry was refluxed under 


nitrogen for 30 minutes. Allyl iodide (4.87 g, 29 mmoles) 


was added and the mixture refluxed for 18 hours. 
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Water was added to the cool solution GLOO%m)) 2) the 


aqueous layer was extracted with CH Cl, C5 L007 mys Lhe 


2 
dark red oil obtained after evaporation of the dried solvent 
(Na,SO,), was chromatographed on alumina (100 g). After 
elution with pentane (300 ml), the column was eluted with 
CH,C1, to give a brown oil. The oil solidified on standing 
(two days) and the solid was recrystallized from 98% EtOH. 


fe? oo (ko g) yield of 4a was thus obtained: 
N-furfuryl-N-phenylacrylamide 9 


To.a Mixture on ~N-pheny Liurfury lamine: (i legieand 
LN sodium nydroxidée (Sml),..acry loyl echtoride, (28 lilo) was 
addeaminm. One Portion with. vigorous stirring. | Fifteen minutes 
Tater the mixture was diluted with ether (30 ml) and water 
(10 ml). The layers were separated and the aqueous layer 
extracted with:ether (l1Q@iml)>  Therethercal -Tayervand extract 
were combined and washed (dilute HCl, saturated NaHCO,). 
Evaporation of the dried (MgSO, ) solvent left the crude 
acrylamide as a reddish oil (1.345 g). Percolation through 
alumina gave 9 as a yellow liquid Te TE OZ 
toad terny cm’! (amide). 
Ties eda OA LS az. CHN). 
mass spectrum: m/e PITS is (21512) 5 GS) ee OO ee 
104(20), 93(13), 81(100), 77(34), 55(35), 53(26), 51(17). 
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N-Phenyl-4-(endo-ethoxycarbonyl) -5,7a-epoxy-3a,4,5,7a- 
eres ae Te ee as Oe ey ee ee arma, Peat 
tetrahydroisoindoline 10a. 


A mixture of N-phenylfurfurylamine (2 Pye 
fe edine (1.24 g) and ethyl 4-bromocrotonate (2.5 g) was 
refluxed under nitrogen for 36 hours in dry acetone (50 ml). 
Most of the solvent was removed under vacuum and the solu- 
tion was triturated with ether to remove 2,6-lutidine hydro- 
bromide. The filtrate was concentrated and triturated with 
pentane. The solid that separated was recrystallized from 
Skellysolve B-Et.0 to obtain 10a as; aowhite fiber-like 
morerials (1.48 9). mp 91.5 - O78 
i cuca); 1735 (ester), 1600 em (aromatic). 
mar: 6 7.42 - 6.47 (m,. 6, H 7 and phenyl protons), 6.37 
brotecs 2. J=6 51 NZ NG). noe UG Od lsu id aa erg ell cee 
Deets se ois 2; J= HZ, COOCH,CH,), P20. (04 435, J47 He 
COOCH.CH.). 
mass spectrum: m/e 285(6), 204(7), 130(8), 104(6), 82(6), 
-81(100), (TORS AE Oe GTA e oP 
Beate Catcd. for C,H. NOW?) Cy 7 LooO a0 a) iNe aoe 


17a 19m 3 
Pound. °C. (7147350, (6,85 5.N, 4.70. 


N-Allylfurfurylamine 11 


Furfuraldehyde (19.2 g) was added with stirring to 


cool (ice-water bath) allylamine’ (13-J/7¢)) After addition 


was completed (10 minutes) the mixture was stirred at room 
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temperature for one hour. Powdered sodium hydroxide (2 g) 
was added to the reaction mixture with Stirring, MNeslayers 
were Separated after ten minutes and the organic layer dis- 
solved in ether (50 ml). The ethereal solution was dried 
(brine, Na,S0,) and the solvent removed. The residue was 
distilled at reduced pressure to obtain N-allylfurfurylimine 
Gume colourless iquid (24:94785%) “bp 74 = 75°/10 mm. i To a 
Cool, solution.(ice-waterybath)* ofthe amine?) ander nitrogen, 
iathium- aluminum hydride was added in one portion (7.6 g). 
After two hours the cooling bath was withdrawn and the mix- . 
cureswas-left' at» room temperature-+for l2sheurs. The reaction 
mixture was worked-up by successive addition of water (7 ml), 
15% aqueous sodium hydroxide solution (10 ml) and water. The 
Slurry;was filtered and the residue left after evaporation of 
Shessorvent “was Gistilled/at reducedspressures “N+aliyl- 
furfurylamine 11 was obtained as a colourless liquid (11.3 g, 
42%). bp 65 - 68°/9 mm np“? 1.4869. 
ares hy Thee Vesa H(escys fods cm} (aromatic). 
Mua 55 (in, el Ae UranC4 eons cee Gre (ne e235 ee rureansCZ 
andaGs<H-s)~—6e1-—5-6—(tmr, 1; CH=CH), Sid, Sea ofan sana, 
CH=CH.) , SST 8 CSS P25 ArCH,N), BUS5 oS TSPOM (i ee, CH,CH=CH,). 
mass spectrum: m/e 137(9), 108(19), SR CEO weoe CLO Ciel.) i, 
53 (Saye say (42% 
Moab. Caled Atfor VOSH*, NOPMSGy 702087 TESTS Ny eee 


Found: C, 70.34; H, 8.20, N, 10.32. 
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N-Allyl-N-ethylfurfurylamine Le 


N-Acetyl-N-allylfurfurylamine (1 g) was reduced with 
lithium aluminum hydride in ether in the usual manner (see 
preparation of 11) to give a quantitative yield of crude 12 


An analytical sample was obtained by bulb to bulb distilla- 


20 
D 


5055 9(CzG) N31645 y6CHG) , a5 95 acm 


tion 60° 7/0}. Sanm 1 in 1 £47 40,. 


1T (liquid film)’ 
(aromatic). 

eee age €245%5)(m, I, furan C5 H), 6.34 = 6.16 (m, 2, furan 
G2eandCe3 chs) pr6CL4 =15.S6c(m zal; CH=CH.), 5. 1 4296 
mand ; CH=CH,), 5.65 Gs 372, ArCH,), Sc Dearest Ul ne 


mpeu-Cl 4 2.52. (q, 2, J=7Hz, CHOCH.) go la0cq tn Sela cHze 


2 
CH,CH,). 
mass spectnum:temfedhylos (7): 52> 00Gb die SE(LO0}% 357(24), 
47(18) 3 
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N-tert-Butylfurfurylamine 


tert-Butylamine (0.4 moles) was added to a solution 
of furfuraldehyde (0.2 moles) in benzene (100 ml). After 


12 hours at room temperature the excess amine and benzene 


were evaporated under vacuum. The residue was dissolved in 


ether (300 ml) and cooled (ice-water bath). To the cooled 


solution lithium aluminum hydride (0.1 moles) was added in 
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one portion under nitrogen. The Slurry was vigorously stirred 
at room temperature for 12 hours. Work up in the conventional 
manner gave a 95% yield of the crude amine. Distillation at 
reduced pressure gave N-tert-butylamine as a colourless liquid. 
(84% yield) bp 66°/14 mm nee Ve 5 0Sie. 

er rpduia sane 1600. (aromatic), 1210 cm? (t-Bu). 
Piomaor..o7) (i, 1, furan Co HH), 6.38 216. (2 a turan 0S 
encdece His}, 3,76 (s, 2% CHAN), LiL CS Oe Bi) & 
Macesspectrum, m/e 153(2), 138(17), 810100), 53(20), 
aecl4ay, 41(16). 

mua .eGalcd.. for CoH, NO: Cy 10 SSH SOR GO e mI eago sua 
Poudre Ga 0.90; Hi 9. 872 N,, Gold: 


N-Allyl-N-tert-butylfurfurylamine 13 


To 'N-tert>buty tfurfturylamine (3.5/2) 9 in erher 
SQ ml) at;-SO0-. an n=butyliaithium solution (l.275N.) 20) my) 
was added slowly with stirring under nitrogen (10 minutes). 
Allyl bromide (2.9 g) in ether (10 ml) was then added over 
TO minutes. The solution was left at room temperature. 107 
14 hours. Water was added (1 ml) followed by magnesium 
sulphate. After removal of drying agent and solvent the 
residue was distilled at reduced pressure. The allylamine 
13 was collected at AS? 07 Ae mi Cle. Gangs) ee 14716. 
ar2 1650 (C=C).,. 1600 cn! (aromatic). 
inree oo 7. ol (nm, 1,¢furan C5 H), 6.36.- 6.05 500.2 Gan: C4 
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Bee 2672S, 2g ATCH,) 3.37 co seea my one cn CH=CH,). 


2 
Daeerepectruns—m/erml95 (2), 178(21),  81(100),. 5707), 
BoO),, 446-25 ih. 

Anal. Calcd. hon C) 5H, NO: Cin th Aged Tosh Hi fn Ol 19 ae Nin a7 225 
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N-Acetyl-N-allylfurfurylamine 14 


N-Allydfur fury lamine- <(3. 3g): was-saddedwt o. @,mixture 
of acetic anhydride (10 ml) and pyridine (20 ml) in dry 


CH,C1, (100 m1) « \After 18 hours the jsolvent was idistilled 


under vacuum. The residue was dissolved in ether (150 ml) 
and washed with ice-cold dilute HCl (2 x 20 ml), saturated 


NaHCO, and sgdvine,.. ep! he; dried (MgSO, ) solvent was evaporated 


weaving the titie icompound asea@vellow 611 (5.15 9) 7352): 


An analytical sample was secured by bulb to bulb distillation 
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1655 cm + (amide). 


bp 190°/0.3 mm n iy,.5 051-3 


1T (Viquid film)’ 
move) 6 907354 and (326 (two m, 1 and 2. respectively, furan 
puctonms sao. F4r- 4.9), Ong 5, CH=CH), Aw55 gan, 444 G@twor-s, 
Z..furanm benzyhic protons) ¥42038e-.3.8 (m, 2, CH,CH=CH.), 
et ead 2 609 CLWO 'S 5.055, NCOCH,). 

mass spectrum; m/e 179(7), 138(29), 96(100), 81(65), 
S6(19), 53637)» 43(6l)ert4heWisIeie 
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N,N-Diallyfuramide 15 


tora solution of vituroy] chloride (iss pa Ga! 
moles) in ether (200 ml), a mixture of diallylamine (9.7 g, 
0.1 moles) and triethylamine (0.11 moles) in ether (100 ml) 
was added dropwise (30 minutes) with external cooling «(ice- 
Water~bath) . «theyvigorously stirred slurry was left for 
three hours at room temperature. To the reaction mixture, 
ether (100 ml) and water (40 ml) were added and the layers 
Separated... The ethereal layer was: dried (brine, MgSO, ) and 
the solvent was evaporated. Distillation at reduced pressure 
afforded the amide as a slightly yellow liquid (16.1 g, 84%) 
bp 105 - 108°/0.5 mm np“) 1.5247. 
pop a AY cm™+ (amide). 
eee ene 57. 0 >. ANd 0.4) oC so et AL aot) en ten 
(m, 6, 2 CH=CH,), 4.14 (m, 4, 2 CH,C=C). 
Massa spectrum: _.m/¢,) 191 (13). LS OCB es pO SiGO eu Oralaie st cise Oust 
OA OU) al) )y, ALG 1). 
Anal. Calcd. for C,H 3N0.: C5 '69s 095 HP Os Go Nowe /eoe. 
Round ‘mp G, 65-853 sH, 79555 Nig 240 0% 


N,N-Diallylfurfurylamine 16 
pee eR OD ee 


Lithium aluminum hydride in ether (20 ml, 1M) was 
added dropwise, with stirring, under nmitrogen, to a solution 
of N,N-diallylfurfurylamide (1.97 g) In, ether (oer niye 


After addition (20 minutes), the solution was tetts £Ore tive 
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hours at room temperature. It was worked up as in previous 
Similar reactions to obtain N,N-diallylfurfurylamine as a 
colourless liquid (1.692 g, 96%). Bulb to bulb distillation 


(170°/0.1 mm) provided an analytical sample ns cs P4854: 


; ay ‘ 
 Gliquid ae 1645 cm (C=¢)°: 

Perego) 4 Odo and 0.19 (3m, 35, LUban proctons) ol 
Meet re On nZ CH CH, 1505 (650( 5) 2 SArcH Ny oul ns 

Z CH,C=C). 

Moeemo pec trum: m/e 179(23), 17820), 177 (26) e501 91) 
feo, 9609). 810100). $3(14), 41022). 

pen) Calcd... for C,H ,.NO: Ci htnS Oe He eB e557 Neen O) e 
Peer eC. a4). Do, 14.68. aly aa Ae. Ooi 5 UN i Oo a oO ae 


Trialiylfurfurylammonium bromide 17, N,N-diallyl-5, /a-epoxy 


3a,4,5,7a -tetrahydroisoindolinium bromide 17a 


An, ‘equimolar mixture, (1 mmole) of N,Nadially1- 
furfurylamine and allyl bromide were mixed and left overnight. 
The crystals formed were washed with ether to obtain 17 in 
Poyaela mp “L40 = 1435-7, 

Tee eO ee CS ols ArCH,), A. LOE, oe NCH,). 


The salt 17 was dissolved in the minimum amount of 


methanol and the solvent allowed to evaporate at room tem- 


perature. After 48 hours a solid had formed. It was tyi- 


turated with ether to obtain.the cyclized salt l7al($97) 


mp 149 - 150. 


Lt po 
eworveiq ws 28 qi hod tow Za a2", a 

a ee ontmel (tui rity tebb-ae «° 
aotteitivarh diwt oa diut » (¥0e. a 0.1) 


bPah. | “m8 Legnti® ‘es aa’ ; 
(om ta pee’ MP vee 


to . (enwie wy aeied.2 ae)> OTe Bae 8% 


. 


bm et Baan (8? ae oor 


(M081 SCOLINTE —Kespeus least oe 
(S93. ee ee.  COmayee Fe 


Wet (M std. $5. Fbet} fe, : Te Maye eee: as 
a0. 8» SALT eh cane bie! a a let eter ie 


a4 at /. 


mn X 


Hy? SRR! A? u 
y*eoqsries 4 ~ J ye baie: eam Fe bed} and yl ae pane herly i yh. 
nag oer ch eae z er Pee | 

att S¥iagrd went’ reba: eX, 


: : ef _ or. 


= Cm_~ 


on 


a ; 

“ly Ll etbsYh te (totam &y, sabia aaa As 1 
delnrsvo 174F bag Boat otae obiiagrd Arte bas 4 tisk 4 iy 
al Ti wiuvde of wadte daddy iaatiteepeaieidls 

i cael 2b) O5.* deni t 2/808 


te tavome cu ianln de std bovieenth gew ts tte oe 


‘had moor tn atyreqnye a3, howolle _mmoutee aba 
that coy 11 bonnet bad bitog a eset 9h OT 


(904) aXl thea bostiogy, ws sinsdo ¢ aie 


mein Ni aah a oie 


Meee ono id, Lr Jeotlz, H-7)}. 6.47 \(deoted a, 0-6, 


iste H-6) . 


Oa. Caicd, for Ci oly Brno: Celt OL, wO450 eNews. 690 


POM 6 Co n48065 HY Ox8i<GNe pS 4 Ws 


Dimethylallylfurfurylammonium bromide 18, N,N-dimethyl- 
5 EE SEN MI Wiican 2 

9,7/a-epoxy,3a,4,5,7a-tetrahydroisoindolinium bromide 18a 

eee re ee es A ee a Oe 


An excess of allyl bromide was added to N,N- 
dimethylfurfurylamine (1 g), dissolved in dry methanol 
(10 ml). After standing at room temperature for 90 minutes 
the solvent and excess allyl bromide were evaporated under 
vacuum. The ammonium salt 18 was obtained quantitatively 
aS any elLow, .o11 
Me 6 /o8e aM ee, Lugan: C5) Hee .Ol. Oneeele aio aneuGe sath). 
Gree oem. J furan C4 Ho. Os. 1 Abus o> aoe (Oh. bos CH=CH,), 5.06 
Soy aan ArCH,), A 5 ih, Sent Oki zn, CH,CH=CH, ), Se iliy (SH, ¥ 168) 


CH,NCH,). 


After 60 days of standing at room temperature 18 
Vs transtormed to a solidweorresponding, to sa. | inisimate- 
rial was recrystallized from EtOH-Et,0. mp 185 - 186. - 
mie = 6) 0.67, Cd, 1, J=6Hz,. C7 oH), 0744 dor. a ald 0), 
Pest Con iM) "oe bo.(d-oLed, 1, AJ=4, toh Z Coat rae 
Gdeese = 15. 0nz, Gl ei) nas 06 Cd, 15. 4) = Se Size ae) me ace 
4 oe Cena, CSrH) 4 O55) o. 0c CWO ess 6 eZ NCH), 5S 
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Allyl furfuryl ether ah) 


The ether was prepared from furfuryl alcohol and 
allyl bromide in a conventional way. bp 167 - 168° 


teed 128709 a (crit A” bp walt 3 a5ya Lal 6° Coane Mel outene 


Purturyl acrylate 20 


The ester 20 was prepared by the method used in 
the preparation of :21°' It was obtained‘as'a%colourtléss 
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Diquid (85%) %-bp {82 +.83°7 10 -mm®. (Lit. bp 93°/16 mm). 


burturaldehyde “diallyl acetal 22 


Aemixture,of furfural €48%¢9.005 moles) #.aliiyl 
alcohol. * (145 \p,°92.S moles) -and®%p->TSA*G@s0 mg) was dissolved 
in benzene (500 ml). The solution was heated to reflux 
With°azeotropic sremoval ,orVwater for %Z0 shoursVej}lriethyl- 
amine was added (1 ml) and solvent and excess allyl alcohol 
were evaporated under vacuum. The black residue was dis- 
tilled at reduced pressure to obtain a 1:1 mixture of 
furturel diallyl acetal cz and l-allyloxy-S5/a-epoxy- 
1,3,3a,4,5,7a-hexahydroisobenzofuran 22a (52 g) bp 100 - 
1052-7 O™ min 
nmr 2 Oey ah? (me) 15° Furan*C4* proton) 59326 29Ce  Mreey-Sriap 
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1-Allyloxy-5,7a-epoxy-1,3,3a,4,5,7a-hexahydroisobenzofuran 22a 
oS Ee NIE EEC Sod a I A MI ONE TSS ee NN ad pie es 


One gram of the sample obtained in the above-men- 
tioned experiment was refluxed in benzene (15 ml) for 72 
hours. The solvent was distilled under vacuum to leave one 


PsGemof, the .cyclized.material 22a:. Ansanalytical sample was 


20 


D LOS 


brepared by bulb to bulb distillation $0°/0.1 mm n 
Ue aianid fim)? 3060 andy1650 Se (ae 

eee Os Olt y iL SROHZ, iH 7) 4 10. sz Ad roman ule a= Or sli Santi zas 
Bec veeG) Zurn 2h(m,) LysiCHCH). 5.42) 3520 imre aigcH CH. (ahd 
Bee sieht, OCHO), 4,27 ..(t, ly Jashzum tH asemdedi S66 


ieee OCHS CH-CH 6.56 (t, 1, J-SHz9 aise pee agen ia) 


Z 
Pesce e Mole aio) 1.04 (dof di of dys tee Alot ce 
Boe eel ad Ob edis Wl wed = 2 Sz. Heed mele 

mass Spectrum: m/e (oe PSY CAA eres (oe en ORG ose 
EDSH S208 “WS CSc ieol 28). 400 90) pee not 40 ear ae. 

Amal Caled tor C5 4H 493: G4. 60.025 Hye EOUnG:, 
(Gian Teron US HAI» lee eral estes 


Ethyl furfuryl fumarate 21 


Toravcolution. of LunruryigatcoholmiOnse: mand .tra- 
ethylamine’ (11.1 g) in ether (200 ml) at Po Ue tettal Spe 
ethoxycarbonylacryloyl chloride (16.93 g) was added dropwise 
with stirring. The mixture was allowed to warm to room 
temperature after addition was completed (30 minutes) and 


stirred for 14 hours. Water (50 ml) was added and the 
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layers separated. The Pehenes © layer was washed (diluted 
HCl, saturated NaHCO, ) and dried (Na,S0,). The residue left 
after distillation of solvent was percolated through alumina 
(100 g) using CHCl, asneluents ethyl f£urturyiaumarace .was 
Coeained as abyellowrsh iquad.s (19.7 io.7)8 73)... Aspure 


sample was prepared by bulb to bulb distillation 180°/0.1 


20 


D gee Eo WO 


mm n 
yaneeen fiiny L720 cm? (ester). 

DOtee 10/645, (Mls furan Co HO, S0n (Ss) 2a HCHCH): (6), oi 
Omens 2, 2uran C4rand?eo-iy Slo, (Ssae, ArCH,), 4.24 
(any2, J-7Hz,, COOCH CHA) 91 29 (t, 3,0J-7Hz, COOCH CHT)’. 
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